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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated- 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and tiie reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively The 1st adjustment layer which is a periphery based on [ of the laser 
beam generated in said barrier layer field ] outgoing radiation, and a laminating is carried out to the 
location which receives a laser beam before the outgoing radiation of a laser beam at least, and reflects a 
laser beam in said reflecting layer side. The surface emission-type laser characterized by the laser beam 
reflected in said reflecting layer and said 1st adjustment layer preparing the 2nd adjustment layer of the 
translucency by which incidence is carried out. 

[Claim 2] Said 2nd adjustment layer is a surface emission-type laser according to claim 1 characterized 
by changing the phase of a laser beam reflected in said reflecting layer and said 1st adjustment layer. 
[Claim 3] Said 2nd adjustment layer is a surface emission-type laser according to claim 1 characterized 
by carrying out the multiple echo of the laser beam which carried out incidence between said reflecting 
layers and said 1st adjustment layers. 

[Claim 4] The thickness of said 2nd adjustment layer is the surface emission-type laser of the any 1 
publication to claims 1-3 characterized by being the thickness which carries out laser oscillation by the 

basic transverse mode. 

[Claim 5] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively The 1st adjustment layer which is a periphery based on [ of the laser 
beam generated in said barrier layer field ] outgoing radiation, and a landnating is carried out to the 
outside of one [ at least ] reflecting layer, and reflects a laser beam in one [ said / at least ] reflecting 
layer side, The outgoing radiation core of the laser beam generated in said barrier layer field is a 
periphery at least. A laminating is carried out between one [ said / at least ] reflecting layer and said 1st 
adjustment layer, and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and 
said 1st adjustment layer is carried out. The sm-face emission-type laser characterized by preparing the 
2nd adjustment layer of the translucency to which the reflection factor to the oscillation wavelength of 
the laser beam in the periphery based on [ of said laser beam ] outgoing radiation is reduced. 
[Claim 6] Said 2nd adjustment layer is a surface emission-type laser according to claim 5 characterized 
by changing the phase of a laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer, and attenuating the synthetic wave of the laser beam after a phase change, and the 
laser beam which carried out incidence. 

[Claim 7] Said 2nd adjustment layer is a surface emission-type laser according to claim 5 characterized 
by being that to which interference by the multiple echo is generated and the reflection factor of the 
reflecting layer concerned is reduced by said 1st adjustment layer, 2nd adjustment layer concerned, and 
said reflecting layer. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.n... 5/23/2005 



JP,2000-022271,A [CLAIMS] 



Page 2 of 3 



[Claim 8] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively The 1st adjustment layer which is a periphery based on [ of the laser 
beam generated in said barrier layer field ] outgoing radiation, and a laminating is carried out to the 
outside of one [ at least ] reflecting layer, and reflects a laser beam in one [ said / at least ] reflecting 
layer side. The outgoing radiation core of the laser beam generated in said barrier layer field is a 
periphery at least. A laminating is carried out between one [ said / at least ] reflecting layer and said 1st 
adjustment layer, and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and 
said 1st adjustment layer is carried out. The surface emission-type laser characterized by preparing the 
2nd adjustment layer of the translucency to which the effective refi-active index to the oscillation 
wavelength of the laser beam in the periphery based on [ of said laser beam ] outgoing radiation is 
reduced. 

[Claim 9] For the oscillation wavelength of a laser beam [ in / for the oscillation wavelength of a laser 
beam / in / the phase of a laser beam reflected in one / said / at least / reflecting layer and said 1st 
adjustment layer is changed, and / the periphery based on / of said laser beam / outgoing radiation / the 
outgoing radiation core of said laser beam ], said 2nd adjustment layer is a surface emission-type laser 
according to claim 8 characterized by making it a different thing. 

[Claim 10] Said 2nd adjustment layer is a surface emission-type laser according to claim 8 characterized 
by being that to which interference by the multiple echo is generated by said 1st adjustment layer, 2nd 
adjustment layer concemed, and said reflecting layer, and the effective refiractive index in the periphery 
based on [ of a laser beam ] outgoing radiation is reduced. 

[Claim 11] Said 2nd adjustment layer is a sxirface emission-type laser according to claim 8 characterized 
by being that to which the effective refiractive index in flie periphery based on [ of a laser beam ] 
outgoing radiation is reduced while sliifl:ing the wavelength which resonates by said 1st adjustment 
layer, 2nd adjustment layer concemed, and said reflecting layer to a short wavelength side rather than 
the oscillation wavelength of a laser beam. 

[Claim 12] The surface emission-type laser of the any 1 publication to claims 1-11 characterized by 
having differed in the part in which the optical thickness of said 2nd adjustment layer is located focusing 
on the outgoing radiation of a laser beam, and the part located in the periphery, and making high the 
reflection factor to the oscillation wavelength of the laser beam in the outgoing radiation core of a laser 
beam. 

[Claim 13] The surface emission-type laser of the any 1 pubUcation to claims 1-12 characterized by 
preparing the reflection property amendment layer which makes high the reflection factor to the 
oscillation wavelength of the laser beam in the outgoing radiation core of a laser beam in a part of part 
[ at least ] located focusing on the outgoing radiation of the laser beam in said 2nd adjustment layer. 
[Claim 14] Said 2nd adjustment layer is the surface emission-type laser of the any 1 publication to 
claims 1-13 characterized by consisting of one kind or two kinds or more of ingredients, or a 
presentation. 

[Claim 15] Said 1st adjustment layer is the sxirface emission-type laser of the any 1 publication to claims 
1-14 characterized by consisting of one kind or two kinds or more of ingredients, or a presentation. 
[Claim 16] Said 1st adjustment layer is the surface emission-type laser of the any 1 publication to claims 
1-15 characterized by consisting of metals and making one electrode serve a double purpose. 
[Claim 17] Said 1st adjustment layer is the surface emission-type laser of the any 1 publication to claims 
1-15 characterized by consisting of semi-conductor multilayers. 

[Claim 18] Said 1st adjustment layer is the surface emission-type laser of the any 1 publication to claims 
1-15 characterized by consisting of dielectric multilayers. 

[Claim 19] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively The 1st adjustment layer which is a periphery based on [ of the laser 
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beam generated in said barrier layer field ] outgoing radiation, and a laminating is carried out between 
one [ at least ] spacer layers and reflecting layers of an outside, and reflects a laser beam in one [ said / at 
least ] spacer layer side. Are a periphery based on [ of the laser beam generated in S2dd barrier layer 
field ] outgoing radiation, and it is located between one [ said / at least ] reflecting layer and the 1st 
adjustment layer. The surface emission-type laser which incidence of the laser beam reflected in one 
[ said / at least ] reflecting layer and said 1st adjustment layer is carried out, and is characterized by 
preparing the 2nd adjustment layer of the translucency to which the reflection factor to the oscillation 
wavelength of the laser beam in the periphery based on [ of said laser beam ] outgoing radiation is 
reduced. 

[Claim 20] Said 2nd adjustment layer is a surface emission-type laser according to claim 19 
characterized by changing the phase of a laser beam reflected in one [ said / at least ] reflecting layer and 
said 1st adjustment layer, and attenuating the synthetic wave of the laser beam after a phase change, and 
the laser beam which carried out incidence. 

[Claim 21] Said 1st adjustment layer is a surface emission-type laser according to claim 19 characterized 
by making serve a double purpose and constituting said a part of reflecting layer. 

[Claim 22] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively The 1st adjustment layer which is a periphery based on [ of the laser 
beam generated in said barrier layer field ] outgoing radiation, and a laminating is carried out between 
one [ at least ] spacer layers and reflecting layers of an outside, and reflects a laser beam in one [ said / at 
least ] spacer layer side. Are a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and incidence of the laser beam reflected in one [ said / at least ] reflecting 
layer and said 1st adjustment layer is carried out. The sxuiace emission-type laser characterized by 
preparing the 2nd adjustment layer of the translucency to which the effective refi-active index to the 
oscillation wavelength of the laser beam in the periphery based on [ of said laser beam ] outgoing 
radiation is reduced. 

[Claim 23] For the oscillation wavelength of a laser beam [ in / for the oscillation wavelength of a laser 
beam / in / the phase of a laser beam reflected in one / said / at least / reflecting layer and said 1st 
adjustment layer is changed, and / the periphery based on / of said laser beam / outgoing radiation / the 
outgoing radiation core of said laser beam ], said 2nd adjustment layer is a surface emission-type laser 
according to claim 22 characterized by making it a different thing. 

[Claim 24] Said 1 st adjustment layer is a surface emission-type laser according to claim 22 characterized 
by making serve a double purpose and constituting said a part of reflecting layer. 
[Claim 25] The surface emission-type laser of the any 1 publication to claims 1-24 characterized by 
current constriction structure being a postmold. 

[Claim 26] The surface emission-type laser of the any 1 publication to claims 1-24 characterized by 
current constriction stmcture being a selective oxidation mold. 

[Claim 27] The surface emission-type laser of the any 1 publication to claims 1-24 characterized by 
current constriction stmcture being a proton placing mold. 

[Claim 28] The field luminescence laser array characterized by coming to arrange two or more surface 
emission-type lasers of the any 1 publication to claims 1-27 in the shape of an array. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of flie Invention] 
[0001] 

[Field of the Invention] This invention relates to the perpendicular resonator mold face luminescence 
laser and the field luminescence laser array which have a high brightness basic transverse-mode optical 
output especially about a surface emission-type laser and a field limiinescence laser array. 
[0002] 

[Description of the Prior Art] Since, as for perpendicular resonator mold face luminescence laser (it is 
also called "VCSEL" Vertical Cavity Surface Emitting Laser and the following.), it has many 
advantages, like that a manufacturing cost is low compared with end-face luminescence mold laser, that 
the yield of manufacture is high, and two-dimensional-array-izing is easy, using it for the appUcation of 
recent years many is examined. For example, Kenichi Iga, Fumio Koyama and Susumu Kinoshita, 
"Surface Emitting Semiconductor Lasers", IEEE Journal of Quantum The structure of VCSEL, the laser 
property, the application, etc. are explained to Elecronics, 1988 and 24, and pp. 1845- 1855. In current, it 
has been improved greatly and the laser property has resulted in utilization in fields, such as optical 
communication. However, the conventional VCSEL still has a small basic transverse-mode optical 
output, and it is about at most 2-3mW, therefore the application is limited. If the basic transverse-mode 
optical output of VCSEL increases, for example, it is set to 5mW or more, it will become possible to use 
VCSEL for image write-in equipments, such as a laser beam printer, optical-magnetic disc equipment, 
etc. 

[0003] As a technique for enlarging the basic transverse-mode optical output of VCSEL For example R. 
A.Morgan et al., "Transverse Mode Control of Vertical-Cavity Top-Surface-Emitting Lasers", and IEEE 
Photonics Technology Letters, 4, and pp.374- the VCSEL structure to which a basic transverse-mode 
optical ou^ut is made to increase is known by rationalizing the aperture of the outgoing radiation field 
of a laser beam as indicated by 377 and 1993. 

[0004] As this VCSEL structure is called common proton in plastic mold and shown in drawing 16 , on 
the n mold GaAs substrate which is not illustrated, the 28.5 period laminating of ALAs and the 
aluminimiO.16GaO.84As was carried out, and carrier concentration provides the lower n mold DBR 
(Distributed Bragg Reflector) layer 161 of 3xl018cm-3. On this lower n mold DBR layer 161, the 
imdoptng barrier layer field 162 containing a barrier layer and a SU **-sir layer with quantum well 
structure is formed. On this barrier layer field 162, 20 period laminating of AlAs which inserts 
alxraiinumO.58GaO.42As into an interface, and the aluminumO.16GaO.84As was carried out, and carrier 
concentration has formed the up p mold DBR layer 163 of 3xl018cm-3-2xl019cm-3. Fxuthermore, the 
p lateral electrode 164 which carried out opening so that the aperture W of the outgoing radiation field 
166 of a laser beam might serve as a predetermined value is formed in the upper part of the up p mold 
DBR layer 163. In order to limit the current impregnation field to a barrier layer, the high resistance 
field 165 formed by proton placing is estabUshed in the periphery of the up p mold DBR layer 163. In 
addition, n lateral electrode which is not illustrated is prepared in the lower part of the substrate which is 
not illustrated. 
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[0005] In VCSEL of the above structures, it is saying that a basic transverse-mode optical output can be 
made to increase by rationalizing the aperture W of cxirrent impregnation area size (path g) and the 
outgoing radiation field 166. However, it is difficult not to yet pass over the maximxmi of the basic 
transverse-mode optical output to 1.5mW, but to use it suitable for the application of optical-magnetic 
disc equipment etc. by such Koide force. 

[0006] On the other hand, VCSEL which has a high brightness bsisic transverse-mode optical output is 
proposed by JP,10-56233,A. By this proposal, it has realized by controlUng altematively the laser 
oscillation conditions of the high order transverse mode of generating secondarily in addition to the 
basic transverse mode the high increase in power of a basic transverse-mode optical output. That is, the 
basic transverse-mode oscillation in VCSEL is produced at the core (approaching an optical axis) of 
optical waveguide, and since it is generated in the remote location estranged from the optical axis, a high 
order transverse-mode oscillation suppresses the shift to multimode oscillation, while optical loss of a 
resonator is increased gradually and it increases an inrush current value as the clearance from an optical 
axis increases, and enables the increment in a basic transverse-mode optical output. 
[0007] When it explains concretely, as it is shown in drawing 17 , this VCSEL The conductivity-type 
semi-conductor substrate 171, The up DBR layer 174 which has the conduction mode in which the 
lower DBR layer 172 and the lower DBR layer 172 are reverse. It is constituted by the barrier layer field 
173 across wWch it faced between the lower DBR layer 172 and the up DBR layer 174, the low 
reflection factor zone 175 formed by ion implantation etc., the loss determiner 176, and electrodes 177 
and 178, and outgoing radiation of the laser beam is carried out in accordance with an optical axis 179. 
The loss determiner 176 is processed into the concave configuration in order to increase optical loss of a 
resonator gradually according to the distance from an optical axis 179 increasing in the direction which 
intersects perpendicularly with an optical axis 179. The loss determiner 176 of this concave 
configuration has both the operation refracted in the laser beam of a resonator, and the operation which 
the side is made to diffuse the laser beam of a resonator, or shifts a focus. 

[0008] Therefore, by this loss determiner 176, refraction loss increases according to the distance from 
the optical axis 179 in the direction which intersects perpendicularly with an optical axis 179 increasing, 
and optical loss of a resonator becomes large. On the other hand, the basic transverse-mode oscillation in 
this VCSEL approaches an optical axis 179, and is produced, and a high order transverse-mode 
oscillation is produced in the remote location estranged from the optical axis 179. Consequently, optical 
loss of a resonator will increase about the high order transverse mode, the threshold current density 
needed for initiation of the laser oscillation of the high order transverse mode will increase, and the 
maximmn basic transverse-mode optical output will increase sharply. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, according to the technique indicated by 
JP,10«56233,A, the high increase in power of the basic transverse mode becomes possible theoretically. 
However, it has problems, like it is remarkably difficult for coincidence to have a bad influence also on 
a basic transverse-mode property, and to form the loss determiner 176 of a predetermined configuration 
in stability. 

[0010] namely, with the technique indicated by JP,10-56233,A It uses producing the basic transverse- 
mode oscillation in VCSEL at the core (approaching an optical axis) of optical waveguide, and 
producing a high order transverse-mode oscillation in the remote location estranged from the optical 
axis, as mentioned above. The reflection factor of a resonator was gradually decreased as it went on the 
outskirts from the center, namely, optical loss was increased gradually, and the laser oscillation of the 
high order transverse mode is controlled by that. 

[001 1] On the other hand, since the active region is small, generally as for VCSEL, a high reflection 
factor is needed for a resonator, as explained to Ken-ichi Iga and Fumio Koyama work "a surface 
emission-type laser" (Ohm-Sha, 1990). The resonator of VCSEL by which current research is done 
actually has 99% or more of reflection factor. On the contrary, if the reflection factor of a resonator is 
low, threshold current density will go up and laser oscillation will stop being able to happen easily. 
[0012] However, with the technique indicated by JP,10-56233,A, it has the structure where the reflection 
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factor of a resonator falls from the optical axis 179 in the estranged location, and it not only controls the 
laser oscillation of the high order transverse mode, but the laser oscillation of the basic transverse mode 
is also controlled by coincidence, and there is a problem which cannot obtain snfiGcient high brightness 
basic transverse-mode optical output as a result. 

[0013] Moreover, with ttie technique indicated by JP,10-56233,A, the loss deteniiiner 176 is 
characterized by having the curved front face by considering as a concave configuration or considering 
as a convex configuration, as shown in drawing 17 . Therefore, the approach of producing the 
configuration of the loss determiner 176 is important, and is explained to JP, 10-56233, A at the detail. 
[0014] If the example is explained briefly, a photoresist 182 will be applied to the front face of the layer 
181 which is going to form a curve front face as shown in drawing 18 (a). Next, as shown in drawing 18 
(b), the cylindrical shape photoresist colxmin 1 83 is formed using the usual exposure, development, and 
a BEKU process. If this photoresist colunm 183 is heated at the temperature of about 250-300 degrees C 
over about 5-20 minutes, as shown in drawing 18 R> 8 (c), it will deform into the layer 184 of the 
configuration which has a convex curve side. Even after returning this layer 184 to a room temperature, 
the configuration of that convex cxirve side is held to stability. Next, if dry etching is given using 
reactive ion etching (RIE) from the upper part, as a result of a layer's 184 acting as an etching mask and 
reflecting the configuration, as shown in drawing 18 (d), the stmcture 185 of having a convex curve side 
is formed. 

[0015] As mentioned above, although how to form the structure of having a convex curve side was 
explained, if the photoresist column 183 is formed in the periphery on a layer 181 instead of a center 
section, the structure of having a concave curve side can be formed in the center section on a layer 181. 
[0016] however, although it is needed for the configuration of the layer 184 which acts as an etching 
mask to have a predetermined curve side in a position, this curve side becomes always the same — as — 
repeatability ~ good — moreover, a location — it is fairly difficult also by the current etching technique 
to form xmdependable. This problem becomes remarkable in preparing and forming many VCSEL 
components into a two-dimension array especially. Furthermore, in order to form the loss determiner 
176 which has the configuration which has a predetermined ciuve side, and predetermined thickness, it 
is remarkably difficult to end etching in a suitable location after the disappearance time of the layer 184 
which acts as an etching mask in a RIE process, or disappearance, moreover, the thing for which it 
controls etch selectivity with high precision between the ingredients which constitute the photoresist 
column 183 and the loss determiner 176 on the same substrate or a different substrate in preparing and 
forming many VCSEL components into a two-dimension array — very much — difficult — therefore, 
every — it is very difficult to arrange the reflection factor property of the loss determiner 176 between 
VCSEL components. 

[0017] as mentioned above, the configuration and thickness of the loss determiner 176 ~ every on the 
same substrate — every between VCSEL components or on a different substrate — every from which the 
lot of between VCSEL components or a process differs — it is very difficult to abolish variation between 
VCSEL components, or to make variation small. 

[0018] On the other hand, using the configuration of the concave curve side of the loss determiner 176, 
optical loss of a resonator is gradually increased as it estranges from an optical axis 179. Since an inrush 
current value is increased, the shift to the laser oscillation of the high order transverse mode is controlled 
and laser oscillation of the basic transverse mode is made possible by it If the configurations of the 
concave cxirve side of the loss determiner 176 differ, the optical output values of VCSEL which shift to 
the laser oscillation of the high order transverse mode, i.e., the maximum optical output value of the 
basic transverse mode, differ, consequently, every on the same substrate — every between VCSEL 
components or on a different substrate — every from which the lot of between VCSEL components or a 
process differs — between VCSEL components ~ every — it is difficult to use industrially the technique 
indicated by JP,10-56233,A to the appUcation as which the maximum optical output value of the basic 
transverse mode of a VCSEL component will differ, and a high brightness basic transverse-mode optical 
output is required. 

[0019] Then, location variation is small, and is good, and the purpose of this invention has it in offering 
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the surface emission-type laser and field luminescence laser array which have a high brightness basic 

transverse-mode optical output easily producible moreover. [ of repeatability ] 

[0020] 

[Means for Solving the Problem] this invention person etc. came to complete header this invention for 
the above-mentioned technical problem being solvable with the following means, as a result of inquiring 
wholeheartedly. Namely, the siirface emission-type laser of this invention is set to the surface emission- 
type laser which comes to have the barrier layer field which consists of a spacer layer which carried out 
the laminating to the both sides of a barrier layer and this barrier layer, respectively, and the reflecting 
layer which carried out the laminating to the both sides of this barrier layer field, respectively. The 1st 
adjustment layer which is a periphery based on [ of the laser beam generated in tiie barrier layer field ] 
outgoing radiation, and a laminating is carried out to the location which receives a laser beam before ttie 
outgoing radiation of a laser beam at least, and reflects a laser beam in a reflecting layer side. The laser 
beam reflected in the reflecting layer and said 1st adjustment layer is characterized by preparing the 2nd 
adjustment layer of the translucency by which incidence is carried out. 

[0021] In the surface emission-type laser to which an example of the smiace emission-type laser of this 
invention comes to have the barrier layer field which consists of a spacer layer which carried out the 
laminating to the both sides of a barrier layer and this barrier layer, respectively, and the reflecting layer 
which carried out the laminating to the both sides of this barrier layer field, respectively The 1st 
adjustment layer which is a periphery based on [ of the laser beam generated in the barrier layer field ] 
outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, and 
reflects a laser beam in one [ at least ] reflecting layer side. The outgoing radiation core of the laser 
beam generated in the barrier layer field is a periphery at least. A laminating is carried out between one 
[ at least ] reflecting layer and the 1st adjustment layer, and incidence of the laser beam reflected in one 
[ at least ] reflecting layer and 1st adjustment layer is carried out. It is characterized by preparing the 2nd 
adjustment layer of the translucency to which the reflection factor to the oscillation wavelength of the 
laser beam in the periphery based on [ of a laser beam ] outgoing radiation is reduced. 
[0022] In the surface emission-type laser to which other examples of the surface emission-type laser of 
this invention come to have the barrier layer field which consists of a spacer layer which carried out the 
laminating to the both sides of a barrier layer and this barrier layer, respectively, and the reflecting layer 
which carried out the laminating to the both sides of this barrier layer field, respectively The 1st 
adjustment layer which is a periphery based on [ of the laser beam generated in the barrier layer field ] 
outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, and 
reflects a laser beam in one [ at least ] reflecting layer side. The outgoing radiation core of the laser 
beam generated in the barrier layer field is a periphery at least. A laminating is carried out between one 
[ at least ] reflecting layer and the 1st adjustment layer, and incidence of the laser beam reflected in one 
[ at least ] reflecting layer and 1 st adjustment layer is carried out. It is characterized by preparing the 2nd 
adjustment layer of the translucency to which the effective refractive index to the oscillation wavelength 
of the laser beam in the periphery based on [ of a laser beam ] outgoing radiation is reduced. 
[0023] In the surface emission-type laser to which other examples of the surface emission-type laser of 
this invention come to have the barrier layer field which consists of a spacer layer which carried out the 
laminating to the both sides of a barrier layer and this barrier layer, respectively, and the reflecting layer 
which carried out the laminating to the both sides of this barrier layer field, respectively The 1st 
adjustment layer which is a periphery based on [ of the laser beam generated in the barrier layer field ] 
outgoing radiation, and a laminating is carried out between one [ at least ] spacer layers and reflecting 
layers of an outside, and reflects a laser beam in one [ at least ] spacer layer side. Even if it is a periphery 
based on [ of the laser beam generated in the barrier layer field ] outgoing radiation and is few It is 
located between one reflecting layer and the 1st adjustment layer. Incidence of the laser beam reflected 
in one [ at least ] reflecting layer and 1st adjustment layer is carried out, and it is characterized by 
preparing the 2nd adjustment layer of the translucency to which the reflection factor to the oscillation 
wavelength of the laser beam in the periphery based on [ of a laser beam ] outgoing radiation is reduced. 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/23/2005 



JP,2000-022271,A [DETAILED DESCRIPTION] 



Pages of 17 



[0024] In the surface emission-type laser to which other examples of the surface emission-type laser of 
this invention come to have the barrier layer field which consists of a spacer layer which carried out the 
laminating to the both sides of a barrier layer and this barrier layer, respectively, and the reflecting layer 
which carried out the laminating to the both sides of this barrier layer field, respectively The 1st 
adjustment layer which is a periphery based on [ of the laser beam generated in the barrier layer field ] 
outgoing radiation, and a laminating is carried out between one [ at least ] spacer layers and reflecting 
layers of an outside, and reflects a laser beam in one [ said / at least ] spacer layer side, Are a periphery 
based on [ of the laser beam generated in the barrier layer field ] outgoing radiation, and incidence of the 
laser beam reflected in one [ at least ] reflecting layer and 1st adjustment layer is carried out. It is 
characterized by preparing the 2nd adjustment layer of the translucency to which the effective refi-active 
index to the oscillation wavelength of the laser beam in the periphery based on [ of a laser beam ] 
outgoing radiation is reduced. 

[0025] Moreover, the field luminescence laser array of this invention is characterized by coming to 
arrange two or more surface emission-type lasers of this invention in the shape of an array. 
[0026] According to the surface emission-type laser of the above configurations, without spoiling the 
property of the laser oscillation of the basic transverse mode, the laser oscillation of the high order 
transverse mode generated secondarily can be controlled altematively, and a basic transverse-mode 
optical output can be heightened. Furfliermore, since the effective reflective index of the periphery based 
on [ of the laser beam in a laser cavity ] outgoing radiation becomes lower than the effective refi^active 
index based on outgoing radiation, refi'active-index waveguide structure can be formed in a laser cavity, 
and the laser oscillation of the basic transverse mode can be produced efficiently. Also structurally 
repeatability is high, a surface emission-type laser can be produced according to an easy process, it is a 
high yield and the sxirface emission-type laser fi'om which a high brightness basic transverse-mode 
optical output is obtained can be offered cheaply. 
[0027] 

[Embodiment of the Invention] First, the principle of this invention is explained briefly. Drawing 1 (a) is 
the sectionsd view having simplified and shown the structure of the perpendicular resonator mold face 
luminescence laser (VCSEL) concerning this invention. The barrier layer field 1 1 which consists of the 
up spacer layer and lower spacer layer which carried out the laminating of this VCSEL to the both sides 
of a barrier layer and this barrier layer. The up reflecting layer 12 which carried out the laminating to the 
up spacer layer of the barrier layer field 1 1, and the lower reflecting layer 13 which carried out the 
laminating to the lower spacer layer of the barrier layer field 1 1, It is constituted by the secondary 
resonator which prepared and constituted the 1st adjustment layer 14 and the 2nd adjustment layer 15 in 
the periphery based on [ of the laser beam in the up reflecting layer 12 ] outgoing radiation. Moreover, 
in drawing 1 , since the 1st adjustment layer 14 does not have translucency, the outgoing radiation field 
of a laser beam is in agreement with the field surroimded in the 1st adjustment layer 14. In addition, in 
this specification, a laser beam uses the upper part explanation the side which carries out outgoing 
radiation for convenience, and uses the opposite side as the lower part. However, the upper part and the 
lower part are relative, and are not limited to this. 

[0028] This secondary resonator is constituted by the up reflecting layer 12, the 1st adjustment layer 14, 
and the 2nd adjustment layer 15 of the translucency inserted among these, the laser beam generated in 
the barrier layer field passes the 2nd adjustment layer 15, and it is reflected in the 1st adjustment layer 
14, and it is constituted so that it may be again reflected by the up reflecting layer 12 which counters the 
1st adjustment layer 14 next and incidence may be carried out to the 2nd adjustment layer 1 5. A phase 
changes by carrying out incidence to the 2nd adjustment layer 15, the laser beam after a phase change 
and the laser beam which carried out incidence interfere in the laser beam which the multiple echo arose 
between the up reflecting layer 12 and the 1st adjustment layer 14 at this time, and was reflected 
between the up reflecting layer 12 and the 1st adjustment layer 14 mutually, and it attenuates that 
synthetic wave, and it is thought that a reflection factor falls. Moreover, when oscillation wavelength 
changes with change of a phase by the outgoing radiation field and periphery of a laser beam, it is 
thought that the optical confinement effectiveness arises. When it is made equal to the oscillation 
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wavelength (for example, 780nm) of the laser beam which oscillates the wavelength which resonates in 
a secondary resonator by controlling the optical thickness (thickness when amending the velocity of 
light with the dielectric constant of an ingredient) of the 2nd adjustment layer 15 by the basic transverse 
mode, the reflection factor of the secondary resonator in near the oscillation wavelength of a laser beam 
will decrease, consequently the reflection factor of the laser cavity in the periphery of the outgoing 
radiation field of a laser beam will fall locally. 

[0029] Thus, if the reflection factor of the laser cavity in the periphery of the outgoing radiation field of 
a laser beam falls, as a broken line shows drawing 1 (b), the luminous intensity which carries out laser 
oscillation by the basic transverse mode becomes small in a periphery and a broken line shows drawing 
1 (c), the liraiinous intensity which carries out laser oscillation will become small in a periphery by the 
high order transverse mode. Consequently, in order to concentrate on a periphery the light which carries 
out laser oscillation by the high order transverse mode to coming to concentrate the light which carries 
out laser oscillation by the basic transverse mode on an outgoing radiation field, the luminous intensity 
which carries out laser oscillation by the high order transverse mode every whenever it is reflected by 
the up reflecting layer 12 becomes low compared with the luminous intensity which carries out laser 
oscillation by the basic transverse mode. 

[0030] For this reason, in order to obtain the luminous intensity needed in order to carry out laser 
oscillation by flie high order transverse mode, it is necessary to pour a big current into a barrier layer 
ft-om the conventional VCSEL which has not formed the secondary resonator. This can fully control the 
laser oscillation of the high order transverse mode, even if the threshold of the laser oscillation of the 
high order transverse mode means having become higher than before and makes the inmsh current to a 
barrier layer larger than the conventional VCSEL, consequently it becomes possible [ carrying out laser 
oscillation only by the basic transverse mode ], even if it makes an inrush current larger than before, and 
the output of the laser beam of the basic transverse mode is high, and it can obtain the surface emission- 
type laser of high brightness. In addition, in drawing 1 (b) and (c), a continuous line expresses the 
luminous intensity which carries out laser oscillation with the luminous intensity which carries out laser 
oscillation by the basic transverse mode when not forming a respectively secondary resonator, and the 
high order transverse mode. 

[0031] However, the reflection factor of the laser cavity in the periphery based on [ of a laser beam ] 
outgoing radiation should just fall with extent which the wavelengtili which resonates in a secondary 
resonator can fiiUy control the laser oscillation in the high order transverse mode rather than needs to be 
not necessarily in agreement on the oscillation wavelength of a laser beam, and does not control the laser 
oscillation in the basic transverse mode too much. 

[0032] Moreover, it is also possible to control the optical thickness of the 2nd adjustment layer 15, and 
to be able to make small the effective refi-active index in the periphery to the effective refi-active index in 
the outgoing radiation field of a laser beam, and for this to form refi-active-index guided wave structure, 
if the wavelength which resonates in a secondary resonator is shifted to a short wavelength side rather 
than the oscillation wavelength (for example, 780nm) of a laser beam. 

[0033] That is, when the resonant wavelength of a laser cavity shifts, it is known that the refi^active 
index of the medium which constitutes a laser cavity will change effectually as indicated by Hadley 
(Optics Letters Vol.20, pp.l483-1485(1997).). According to it, the relation between change deltalambda 
of the resonant wavelength of a laser cavity and effective-refractive-index change deltan of the medium 
which constitutes a laser cavity is delta lambda/lambda 0 **deltan/nO. It becomes. However, lambda 0 
The resonant wavelength of a laser cavity and nO express the average refractive index of the medium 
which constitutes a resonator. 

[0034] the resonant wavelength in the field where the 1st adjustment layer 14 and the 2nd adjustment 
layer 15 do not exist in the laser cavity which has a secondary resonator which was mentioned above as 
shown in drawing 2 , i.e., the outgoing radiation field of a laser beam, ~ lambda 0 ** ~ the resonant 
wavelength in the periphery of the field where the 1st adjustment layer 14 and the 2nd adjustment layer 
15 exist if it carries out, i.e., the outgoing radiation core of a laser beam, ~ lambda 0 from — lambda 1 It 
shifts. 
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[0035] Thus, when resonant wavelength becomes a different thing for every field, in the field in which 
nO, the 1st adjustment layer 14, and the 2nd adjustment layer 15 exist in the field in which the effective 
refractive index of a laser cavity also becomes a different thing in the outgoing radiation field and 
periphery of a laser beam, and the 1st adjustment layer 14 and the 2nd adjustment layer 15 do not exist 
from the above-mentioned relational expression, it is nl. It becomes. Thus, it becomes possible by 
controlling the optical thickness of the 2nd adjustment layer 1 5 for resonant wavelength to become a 
different thing for every field, consequently to control the effective refractive index for every field. 
[0036] Refractive-index waveguide structure can be formed by selecting the optical thickness of the 2nd 
adjustment layer 15 to the effective refractive index of the outgoing radiation field of a laser beam, using 
such a property, so that the effective refractive index of the periphery may become small. Furthermore, 
refractive-index waveguide structure with a good basic transverse-mode laser oscillation property can be 
formed by also taking into consideration the basic transverse mode of refractive-index waveguide, the 
distribution conditions of the photoelectrical place of the high order transverse mode, and the reflection 
factor difference of an outgoing radiation field and its periphery, and selecting the optical thickness of 
the 2nd adjustment layer 15. In addition, although the case where the effective refractive index of the 
periphery was made small to an outgoing radiation field so far was shown, the effective refractive index 
of a periphery is made high and you may make it form refractive-index anti-waveguide structure in the 
reverse. However, it is obtained that a property [ make / tiie reflection factor and effective refractive 
index of a periphery / smaller than both outgoing radiation fields ] is more desirable. That is, the 
effective refractive index of an outgoing radiation field and its periphery is changed by forming a 
secondary resonator, and it becomes possible to form optical confinement structiu-e. 
[0037] In addition, conductive ingredients, such as a metal, can constitute the 1st adjustment layer 14 
above, this can also be made to serve a double purpose as an electrode, and lamination can be simplified 
in this case. Since decline in a reflection factor and change of an effective refractive index arise in the 
part which has the 1st adjustment layer also in this case although a laser beam may carry out outgoing 
radiation to the 1st adjustment layer from a part when it has a certain amoimt of [ the 1st adjustment 
layer ] translucency, although the case where it was in agreement with the field where the outgoing 
radiation field of a laser beam was surrounded by the 1 st adjustment layer so far was explained, the laser 
oscillation in the basic transverse mode occurs. That is, the 1st adjustment layer is a periphery based on 
[ of a laser beam ] outgoing radiation (part where laser beam intensity distribution serve as max), and 
before the laser beam generated in the barrier layer field carries out outgoing radiation of the operation 
of this invention to the exterior of a laser component as an output light, it is done so by being arranged 
in the location which receives this laser beam. Moreover, the 1st adjustment layer is arranged so that 
laser oscillation may be carried out by the basic transverse mode, may be prepared over the perimeter 
enclosure based on outgoing radiation, or may be divided and constituted in plurality so that an outgoing 
radiation core may be removed. However, it is better to have arranged at least the part so that it may see 
from [ of laser ] outgoing radiation and may lap with the field to which the laser drive current to a 
barrier layer is poured in, in order to reflect efficiently the laser beam generated in the barrier layer field. 
Moreover, a reflecting layer and the 1st adjustment layer reflect, and the 2nd adjustment layer should 
just have translucency in extent which the laser beam which carried out incidence interferes mutually, 
and suits. 

[0038] [Gestalt of the 1st operation] Drawing 3 is the sectional view of the perpendicular resonator mold 
face Ivuninescence laser (VCSEL) concerning the gestalt of operation of the 1st of this invention. The 
barrier layer field 1 1 which consists of the up spacer layer and lower spacer layer which carried out the 
laminating of this VCSEL to the both sides of a barrier layer and this barrier layer. The up reflecting 
layer 12 which carried out the laminating to the up spacer layer of this barrier layer field 1 1, It is 
constituted by the lower reflecting layer 13 which carried out the lanmiating to the lower spacer layer of 
the barrier layer field 11, and the secondary resonator which prepared and constituted the 1st adjustment 
layer 14 and the 2nd adjustment layer 15 in the periphery based on [ of the laser beam in the up 
reflecting layer 12 ] outgoing radiation. 

[0039] The lower SU **-sir layer which the barrier layer field 1 1 becomes from undoping aluminimiO.5 
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GaO.5 As, An undoping quantum well barrier layer (it consists of three layers of 
aluminumO.llGaO.89As quantum well layers of 90nm of thickness, and four layers of aluminumO.3 
GaO.7 As barrier layers of 50nm of thickness). It consists of alimiinumO.5 GaO.5 As up SU **-sir layers 
of undoping, and the optical thickness of this barrier layer field 1 1 serves as wavelength in a medium 
(for example, 780nm). 

[0040] The up reflecting layer 12 consists of DBR (multiplex Bragg diffraction mirror) which carried 
out 20 period laminating by turns, and constituted aluminumO.9 GaO.l As and aluminumO.3 GaO.7 As so 
that each optical thickness might serve as quarter-wave length to laser oscillation wavelength (for 
example, 780nm). 

[0041] the optical thickness which carried out the laminating of the 2nd adjustment layer 15 all over the 
whole surface of the up reflecting layer 12, i.e., the outgoing radiation core of a laser beam, and its 
periphery ~ laser oscillation wavelength (for example, 780nm) — receiving — 1.55/— it consists of 1.6/4 
time as many aluminimiO.3 GaO.7 As as this preferably four to 1.62/4 time. 

[0042] The 1st adjustment layer 14 is constituted by gold of 200nm of thickness which carried out the 
lanmiating to the periphery based on [ of the laser beam on the 2nd adjustment layer 15 ] outgoing 
radiation. Here, although thickness of the 1st adjustment layer 14 was set to 200nm, if there is thickness 
about lOOnm or more, the effectiveness which controls the oscillation of the high order transverse mode 
will fixUy be acquired. 

[0043] The lower reflecting layer 13 consists of DBR (multiplex Bragg diffraction mirror) which carried 
out the 40.5 period laminating by turns, and constituted aluminumO.9 GaO.l As and aluminumO.3 GaO.7 
As so that each optical thickness might serve as quarter- wave length to laser oscillation wavelength (for 
example, 780nm). In addition, the laminating of the lower reflecting layer 13 is carried out on the 
substrate which is not illustrated through the buffer layer which is not illustrated. 
[0044] The secondary resonator of this example is constituted by the up reflecting layer 12, the 1st 
adjustment layer 14, and the 2nd adjustment layer 15 pinched among these, changes the phase of a laser 
beam by the multiple echo between the up reflecting layer 12 and the 1st adjustment layer 14, generates 
interference of a light wave, and reduces the reflection factor in the periphery based on [ of a laser 
beam ] outgoing radiation. 

[0045] Drawing 4 is a graph which shows the relation between the optical thickness of the 2nd 
adjustment layer 15, and the ampUtude reflectance in the laser oscillation wavelength of 780nm. The 
continuous line in dravying 4 shows change of the amplitude reflectance in the laser oscillation 
wavelength of 780nm in the periphery based on [ that the 1st adjustment layer 14 and the 2nd 
adjustment layer 15 when changing the optical thickness of the 2nd adjustment layer 15 exist / of a laser 
beam ] outgoing radiation. When the optical thickness of the 2nd adjustment layer 15 is abbreviation 
1.6x quarter- wave length so that the continuous line of drawing 4 may show, an amplitude reflectance 
serves as about 0.385 and min. 

[0046] On the other hand, the broken line in drawdng 4 shows change of the amphtude reflectance in the 
laser oscillation wavelength of 780nm in the periphery based on [ that the 2nd adjustment layer 15 when 
changing the optical thickness of the 2nd adjustment layer 1 5 exists / of a laser beam ] outgoing 
radiation in VCSEL which the 1st adjustment layer 14 was not formed, and also was constituted like 
dravying 3 . Also when the optical thickness of the 2nd adjustment layer 15 is abbreviation L6x quarter- 
wave length so that the broken line of drawing 4 may show, an amplitude reflectance maintains about 
0.992 and a high condition. 

[0047] Drawdng 5 is a graph which shows a reflectance spectrum on the strength in case the optical 
thickness of the 2nd adjustment layer 15 is abbreviation 1.6x quarter-wave length. Drawing 5 (a) is a 
reflectance spectrum on the strength at the time of forming the 1st adjustment layer 14, and dravsdng 5 
(b) is a reflectance spectrum on the strength at the time of not forming the 1st adjustment layer 14. As 
shown in drawing 5 (a), in the reflectance spectrum of the up reflecting layer 12 in the periphery based 
on [ that the 1st adjustment layer 14 and the 2nd adjustment layer 15 exist / of a laser beam ] outgoing 
radiation, depression of a reflection factor appears near the laser oscillation wavelength of 780nm 
according to the fall effectiveness of the reflection factor by the secondary resonator, and/or an effective 
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refractive index. On the other hand, as shown in drawing 5 (b), when the 1st adjustment layer 14 is not 
formed, to the reflectance spectrum of the up reflecting layer 12 in the periphery based on [ that the 2nd 
adjustment layer 15 exists / of a laser beam ] outgoing radiation, near, it is not generated near the laser 
oscillation wavelength of 780nm, but depression of a reflection factor is maintaining the condition that a 
reflection factor is still high. 

[0048] If such a property is used, it will become possible to consider as the configuration which carries 
out the laminating of the 2nd adjustment layer 15 all over the up reflecting layer 12 (an outgoing 
radiation core and whole surface of the periphery), and carries out the laminating of the 1st adjustment 
layer 14 to the periphery of the 2nd adjustment layer 15 further, and the profits from which a 
manufacture process becomes simple will be obtained as compared with the case where the 2nd 
adjustment layer 15 is formed only in the periphery of the up reflecting layer 12. 

[0049] Moreover, [ whether the wavelength which controls the optical thickness of the 2nd adjustment 
layer 15, and resonates in a secondary resonator is shifted to a short wavelength side rather than the 
oscillation wavelength (for example, 780nm) of a laser beam, and ] Or by shifting the wavelength which 
resonates at the outgoing radiation core of a laser beam to a long wavelength side, to the effective 
refractive index in the outgoing radiation core of a laser beam, the effective refractive index in the 
periphery can be made small, and this becomes possible [ forming refractive-index guided wave 
structure ]. 

[0050] Furthermore, refractive-index waveguide structure with a good basic transverse-mode laser 
oscillation property can be formed by also taking into consideration the basic transverse mode of 
refractive-index waveguide, the distribution conditions of the photoelectrical place of the high order 
transverse mode, and the reflection factor difference of an outgoing radiation core and its periphery, and 
selecting the optical thickness of the 2nd adjustment layer 15. 

[0051] [Gestalt of the 2nd operation] Drawdng 6 (a) and (b) are the sectional views of the perpendicular 
resonator mold face luminescence laser (VCSEL) applied to the gestalt of operation of the 2nd of this 
invention, respectively. In VCSEL shown in drawing 3 , drawing 6 (a) considered as the gestalt which 
removed the part located on the outgoing radiation core of a laser beam among the 2nd adjustment 
layers 15 which carried out the laminating to the up reflecting layer 12, and also is the same 
configuration. In VCSEL shown in drawing 3 , drawing 6 (b) carried out the laminating of the reflection 
property amendment layer 16 for raising the reflection factor to the oscillation wavelength (for example, 
780nm) of a laser beam further on the outgoing radiation core of the laser beam in the 2nd adjustment 
layer 15, and also is the same configuration. The reflection property amendment layer 16 can consist of 
dielectrics, such as a silicon dioxide, etc. Each example of a configuration shown in drawing 6 (a) and 
(b) improves a reflection property so that the reflection factor in the outgoing radiation core of a laser 
beam may become high. 

[0052] Drawing 7 is a graph which shows the reflectance spectrum of the up reflecting layer 12 on the 
strength. The continuous line in drawing 7 shows the reflectance spectrum of the up reflecting layer 12 
at the time of not forming the 1st adjustment layer 14 and the 2nd adjustment layer 15 in drawing 6 (a) 
and the example of a configuration of (b) on the strength. The broken line in drawing 7 is the same 
spectrum Fig. as drawing 5 (b) showing the reflectance spectrum of the up reflecting layer 12 at the time 
of not forming the 1st adjustment layer 14 and the reflection property amendment layer 16 in the 
example of a configuration of drawing 6 (b) on the strength. Moreover, the oscillation wavelength of a 
laser beam expands the reflectance spectrum on the strength in near 780nm to the interior of the graph of 
drawing 7 , and is shown in it. 

[0053] The reflection factor of the up reflecting layer 12 in near the oscillation wavelength of 780nm of 
a laser beam on the strength becomes higher than the case where the direction at the time of not carrying 
out the laminating of the 2nd adjustment layer 15 carries out the laminating of the 2nd adjustment layer 
15 so that drawing 7 may show. This means that the 2nd adjustment layer 15 is reducing the reflection 
property of the up reflecting layer 12. 

[0054] Therefore, as shown in drawing 6 (a), the reflection factor of the up reflecting layer 12 in the 
configuration which removes the part on the outgoing radiation core of the laser beam in the 2nd 
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adjustment layer 15, then the outgoing radiation core of a laser beam can be made higher. Moreover, as 
shown in drawing 6 (b), the reflection factor of the up reflecting layer 12 in the outgoing radiation core 
of a laser beam can be made higher by carrying out the laminating of the reflection property amendment 
layer 16 to the part on the outgoing radiation core of the laser beam in the 2nd adjustment layer 15 
ftuther. 

[0055] Moreover, [ whether the wavelength which controls the optical thickness of the 2nd adjustment 
layer 15, and resonates in a secondary resonator is shifted to a short wavelength side rather than the 
oscillation wavelength (for example, 780nm) of a laser beam, and ] Or by shifting the wavelength which 
resonates at the outgoing radiation core of a laser beam to a long wavelength side, to the effective 
refractive index in the outgoing radiation core of a laser beam, the effective refractive index in the 
periphery can be made small, and this becomes possible [ forming refractive-index guided wave 
structure]. 

[0056] Furthermore, refractive-index waveguide structure with a good basic transverse-mode laser 
oscillation property can be formed by also taking into consideration the basic transverse mode of 
refractive-index waveguide, the distribution conditions of the photoelectrical place of the high order 
transverse mode, and the reflection factor difference of an outgoing radiation core and its periphery, and 
selecting the optical thickness of the 2nd adjustment layer 15. 

[0057] [Gestalt of the 3rd operation] Drawing 8 is the sectional view of the perpendicular resonator 
mold face luminescence laser (VCSEL) concerning the gestalt of operation of the 3rd of this invention. 
In VCSEL shown in drawing 3 , consider this example as the configuration which consists of two or 
more layers, without considering the 2nd adjustment layer 15 as the presentation of homogeneity, and it 
made the 1st adjustment layer 14 serve a double purpose as an electrode, and also it is the same 
configuration. The 1st adjustment layer 14 is formed with gold of 200nm of thickness, and this is made 
to serve a double purpose as one electrode for pouring a current into VCSEL. GaAs contact layer of 
20nm of thickness for 2nd adjustment layer 15 to make good electric junction in 1st adjustment layer 14 
and semi-conductor layer which are made to serve a double purpose as electrode 15 A, Optical thickness 
receives laser oscillation wavelength (780nm). aluminumO.3 GaO.7 As layer 15B of abbreviation 0.44x 
quarter-wave length. Optical thickness is constituted to laser oscillation wavelength (780nm) by three 
layers with aluminumO.9 GaO.l As layer 15C of quarter-wave length. 

[0058] Thus, by considering the 2nd adjustment layer 15 as the configuration set to contact layer 15A 
and aluminumO.3 GaO.7 As layer 15B from two or more presentations of aluminumO.9 GaO.l As layer 
15C Fully taking electric jimction in the 1st adjustment layer 14 which makes an electrode serve a 
double purpose, it can be set to about 0.705 by the periphery based on [ of a laser beam ] outgoing 
radiation, it is set to about 0.993 focusing on outgoing radiation, and the amplitude reflectance in the 
oscillation wavelength of 780nm of a laser beam can obtain the laser output of the high brightness basic 
transverse mode. 

[0059] As mentioned above, the configuration of the 2nd adjustment layer 15 is not restricted to the 
configuration which consists of a single ingredient, but if it can constitute the secondary resonator which 
can control the laser oscillation of the high order transverse mode appropriately, it can also be 
considered as the multilayer configuration which consists of two or more ingredients. 
[0060] Moreover, [ whether the wavelength which controls the optical thickness of the 2nd adjustment 
layer 15, and resonates in a secondary resonator is shifted to a short wavelength side rather than the 
oscillation wavelength (for example, 780nm) of a laser beam, and ] Or by shifting the wavelength which 
resonates at the outgoing radiation core of a laser beam to a long wavelength side, to the effective 
refractive index in the outgoing radiation core of a laser beam, the effective refractive index in the 
periphery can be made small, and this becomes possible [ forming refractive-index guided wave 
structure ]. 

[0061] Furthermore, refractive-index waveguide structure with a good basic transverse-mode laser 
oscillation property can be formed by also taking into consideration the basic transverse mode of 
refractive-index waveguide, the distribution conditions of the photoelectrical place of the high order 
transverse mode, and the reflection factor difference of an outgoing radiation core and its periphery, and 
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selecting the optical thickness of the 2nd adjustment layer 15. 

[0062] [Gestalt of the 4th operation] Although mentioned later for details, in this invention, it is good 
also as a configuration which inserts in a part of periphery based on [ of the laser beam in an up DBR 
layer ] outgoing radiation the 2nd adjustment layer fi-om which optical thickness is set to one fourth of 
the wavelength in a medium, and prepares the 1st adjustment layer in it between this 2nd adjustment 
layer and the spacer layer of a barrier layer field. The reflection factor and/or effective refi-active index 
of a laser cavity in the part can be reduced by the 1st adjustment layer located also by such configuration 
between the 2nd adjustment layer in an up DBR layer, and the spacer layer of a barrier layer field. 
However, when the 2nd adjustment layer is inserted in right above [ of the spacer layer of a barrier layer 
field ], the effectiveness of reducing the reflection factor and/or effective refi-active index of a laser 
cavity in the part is not fiiUy acquired. Moreover, it is good also as a configuration which makes a part 
of up DBR layer serve a double purpose for the 1st adjustment layer. 

[0063] [the gestalt of the 5th operation] ~ although mentioned later for details ~ this invention — setting 
~ the plurality of VCSEL — the same substrate top ~ or it may arrange on a different substrate and a 
VCSEL array may be constituted. 

[0064] As mentioned above, although the gestalt of operation of this invention was explained As an 
ingrechent which faces carrying out this invention and constitutes the 2nd adjustment layer 15 What is 
necessary is just to use a semi-conductor and a dielectric, when adopting the configuration in which the 
2nd adjustment layer 15 does not serve as a path which pours a current into a barrier layer that what is 
necessary is just to use a conductive ingredient especially when adopting the configuration used as the 
path where it is not limited, for example, the 2nd adjustment layer 15 pours a current into a barrier layer. 
Moreover, that what is necessary is just to use conductive ingredients, such as gold, when it is not 
limited especially, for example, an electrode is made to serve a double purpose also about the ingredient 
which constitutes the 1st adjustment layer 14, when not making an electrode serve a double purpose, a 
semi-conductor and a dielectric can be used. Moreover, you may be the configuration which consists of 
a single ingredient, and may be the multilayer configuration which consists of two or more ingredients. 
Moreover, it is not limited to dielectrics, such as a silicon dioxide, and the ingredient which constitutes 
the reflection property amendment layer 16 may also constitute firom other dielectrics and semi- 
conductor metallurgy groups. 
[0065] 

[Example] Hereafter, the example of this invention is explained. 

[0066] [Example 1] This example 1 is the thing corresponding to the gestalt of the 1st operation shown 
in drawing 3 . it is shown in drawing 9 (a) — as ~ organic metal vapor growth (MOCVD) — carrier 
concentration carries out the laminating of the n mold GaAs buffer layer 92 whose thickness is about 0.2 
micrometers by 1x101 8cm-3 on the n mold GaAs substrate 91 by law. 

[0067] this buffer layer 92 top — MOCVD ~ by law, the 40.5 period laminating of aluminumO.9 GaO.l 
As and the aluminumO.3 GaO.7 As is carried out by tums so that each optical thickness may be set to 
one fourth of the wavelength in a medium, and carrier concentration forms [ the total thickness ] the 
lower n mold DBR layer 93 which is about 4 micrometers by 1x101 8cm-3. 

[0068] this lower n mold DBR layer 93 top - MOCVD - with an undoping lower aluminumO.5 GaO.5 

As SU **-sir layer by law Undoping quantum well barrier layer (with three layers of 

aluminumO.l lGa0.89As quantum well layers of 90nm of thickness) The optical thickness constituted by 

the undoping up aluminxmiO.5 GaO.5 As SU **-sir layer as consisting of four layers of aluminumO.3 

GaO.7 As barrier layers of 50nm of thickness forms the barrier layer field 94 used as the wavelength in a 

medium. 

[0069] this barrier layer field 94 top — MOCVD — by law, 20 period laminating of aluminumO.9 GaO.l 
As and the aluminumO.3 GaO.7 As is carried out by tums so that each optical thickness may be set to 
one fourth of the wavelength in a medium, and carrier concentration forms [ the total thickness ] the up p 
mold DBR layer 95 which is about 2 micrometers by lxl018cm-3. 

[0070] the besides section p mold DBR layer 95 top — MOCVD — law — carrier concentration ~ 
1x101 8cm-3 — optical thickness — 1.55/of the wavelength in a medium — the laminating of the 1.6/4 
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time as many 2nd adjustment layer 96 of p mold aluminimiO.3 GaO.7 As as this is carried out preferably 
four to 1.62/4 time. 

[0071] Here, although not illustrated, carrier concentration may carry out the laminating of the p mold 
GaAs contact layer whose optical thickness is about lOnm to the topmost part by lxl019cm-3. 
Moreover, although not stated in detail, in order to lower electric resistance of the DBR layers 93 and 
95, the optical thickness which changed [% / 30 ] the AlAs presentation from 90% to the interface of 
aluminumO.9 GaO.l As and aluniinumO.3 GaO.7 As gradually may prepare the field which is about 9nm. 

[0072] Here, in membrane fomiation by the MOCVD method, the silane was used for p molds cyclo pen 
TAJINIUMU magnesium and for n molds as a dopant ingredient, using trimethylgallium, 
trimethylalimiinum, and an arsine as material gas, and substrate temperature at the time of film growth 
was made into 750 degrees C, carried out sequential change of the material gas, and formed membranes 
continuously. 

[0073] Then, as shown in drawing 9 (b), the resist mask R is formed on a crystal growth layer with 
photolithography, by reactive ion etching using the carbon tetrachloride as etching gas, it etches to the 
middle of the lower n mold DBR layer 93, the post S which consists of the cylinder or prism whose path 
is about 10-30 micrometers is formed, and this forms the current narrow segment. 
[0074] Afl:er removing Resist R, as it is shown in drawing 9 (c), after vapor-depositing the SiN layer 97 
on the 2nd adjustment layer 96 using plasma-CVD equipment, the SiN layer 97 located in the upper part 
of Post S is exfoliated by etching of SiN using a usual photolithography process and buffered fluoric 
acid. 

[0075] Then, as shown in drawing 9 (d), using a photolithography process, a resist pattern T is formed in 
the up center section of the post S, and Ti and Au which will constitute the 1st adjustment layer which 
makes p lateral electrode serve a double purpose from the upper part using EB vacuum evaporationo 
machine are vapor-deposited by the thickness of lOnm and 200nm, respectively. 

[0076] As an acetone is used, it exfoliates with Ti and Au which were vapor-deposited by the upper part 
and a resist pattern T is finally shown in drawing 9 (e), VCSEL of the structure where the laminating of 
the 1st adjustment layer 98 which makes p lateral electrode serve a double purpose was carried out to the 
periphery based on [ of the laser beam in the 2nd adjustment layer 96 ] outgoing radiation is obtained. 
[0077] In this VCSEL, although outgoing radiation of the laser beam is carried out from the center 
section of the post S which is the field where the 2nd adjustment layer 96 which makes p lateral 
electrode serve a double purpose does not exist, i.e., the field where the resist pattern T existed, the 
aperture of this outgoing radiation field has desirable about 3-20 micrometers. In addition, AuGe is 
vapor-deposited by the rear face of a substrate 91 as an n lateral electrode which is not illustrated. 
[0078] VCSEL produced as mentioned above was able to set, and the resonator reflection factor in 
directly under [ based on / of the laser beam of the center section of the post S / outgoing radiation ] was 
as high as about 99.5%, and the resonator reflection factor in directly under [ of the 1st adjustment layer 
98 which makes p lateral electrode serve a double purpose ] was able to become low like the result 
shown in drawing 4 , and was able to control the laser oscillation of the high order transverse mode 
appropriately. Consequently, in order to obtain the laser oscillation of the basic transverse mode in a 
Prior art, although to be referred to as 5 micrometers or less was needed, according to this invention, the 
laser oscillation of the basic transverse mode of the aperture of the outgoing radiation field of a laser 
beam becomes possible also as 5 micrometers or more about the aperture of an outgoing radiation field, 
and it can obtain a high brightness basic transverse-mode optical output. 

[0079] When the laser oscillation of the basic transverse mode of VCSEL concerning this example 1 and 
the laser oscillation of the high order transverse mode, the laser oscillation of the basic transverse mode 
of the conventional VCSEL shown in drawdng 17 , and the laser oscillation of the high order transverse 
mode were investigated, the result shown in drawing 10 was obtained. That is, although the laser 
oscillation of the high order transverse mode is controlled and only the basic transverse mode oscillates 
VCSEL and the conventional VCSEL concerning an example 1 when the inrush current to a barrier 
layer is made to increase, compared with VCSEL of an example 1, it tums out by the conventional 
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VCSEL that both the thresholds and effectiveness of a current that start the laser oscillation of the basic 
transverse mode are falling. 

[0080] Although constituted using aluminumO.3 GaO.7 As, the 2nd adjustment layer 96 can also consist 
of this example 1 using other ingredients, if it is the ingredient into which the reflection factor and/or 
effective refractive index of a laser cavity in directly imder [ of the 1st adjustment layer 98 ] can be 
reduced. However, like this example 1, when the 2nd adjustment layer 96 constitutes the path of an 
inrush current, it is a conductivity-type ingredient and it is desirable to use an ingredient with easy 
impregnation of a current. 

[0081] Moreover, although it etches to the middle of the lower n mold DBR layer 93 and Post S is 
formed in this example 1, from an up aluminimiO.5 GaO.5 As SU **-sir layer or it, etching may be 
suspended in the upper part, Post S may be formed, and it may etch to right above [ of a substrate 91 ], 
and Post S may be formed. 

[0082] Moreover, although AlGaAs was used as an ingredient of a barrier layer, VCSEL for near- 
infrared can also be constituted using GaAs or InGaAs, and VCSEL for red can also consist of this 
example 1 using InGaP or AlGalnP. Furthermore, VCSEL for 1.3-1.5-micrometer bands can also be 
constituted using a VCSEL and InGaAsP system etc. for blue or ultraviolet rays using a GaN system, a 
ZnSe system, etc. 

[0083] Moreover, an insulator layer can also be used by not being limited to a semiconductor material 
and choosing various current impregnation methods as an ingredient of the DBR layers 93 and 95. When 
using an insulator layer as an ingredient of the DBR layers 93 and 95, it is desirable to use an insulator 
layer rather than a semi-conductor also as an ingredient of the 2nd adjustment layer 96. 
[0084] [Example 2] This example 2 is the thing corresponding to the gestalt of the 2nd operation shown 
in drawing 6 (a), it is shown in drawing 1 1 R> 1 — as ~ MOCVD ~ carrier concentration carries out the 
laminating of the n mold GaAs buffer layer 92 whose thickness is about 0.2 micrometers by 1x101 8cm- 
3 on the n mold GaAs substrate 91 by law. 

[0085] this buffer layer 92 top - MOCVD — by law, the 40.5 period laminating of altmiinumO.9 GaO.l 
As and the aluminumO.3 GaO.7 As is carried out by tiuns so that each optical thickness may be set to 
one fourth of the wavelength in a mediimi, and carrier concentration forms [ the total thickness ] the 
lower n mold DBR layer 93 which is about 4 micrometers by lxl018cm-3. 

[0086] this lower n mold DBR layer 93 top — MOCVD — with an xmdoping lower aluminumO.5 GaO.5 
As SU **-sir layer by law Undoping quantum well barrier layer (with three layers of 
aluminumO.l lGa0.89As quantum well layers of 90nm of thickness) The optical thickness which 
consisted of undoping up alimiinumO.5 GaO.5 As SU **-sir layers as consisting of four layers of 
alimiinumO.3 GaO. 1 As barrier layers of 50nm of thickness forms the barrier layer field 94 used as the 
wavelength in a medium. 

[0087] this barrier layer field 94 top — MOCVD — carrier concentration forms the p mold AlAs layer 99 
firom which optical thickness is set to one fourth of the wavelength in a mediimi by 1x101 8cm-3 by law. 
On this p mold AlAs layer 99, the 19.5 period laminating of aluminiunO.9 GaO.l As and the 
aluniinimiO.3 Ga07As is carried out by turns so that each optical thickness may be set to one fourth of 
the wavelength in a medium, and carrier concentration forms [ the total thickness ] the up p mold DBR 
layer 95 which is about 2 micrometers by 1x101 8cm-3. 

[0088] the besides section p mold DBR layer 95 top — MOCVD — law — carrier concentration — 
lxl018cm-3 ~ optical thickness — 1.55/of the wavelength in a medium ~ the 1.6/4 time as many p mold 
InO.5 GaO.5 P 2nd adjustment layer 96 as this is formed preferably four to 1.62/4 time. 
[0089] Here, although not illustrated, carrier concentration may carry out the laminating of the p mold 
GaAs contact layer whose optical thickness is about lOnm to the topmost part by lxl019cm-3. 
Moreover, although not stated in detail, in order to lower electric resistance of the DBR layers 93 and 
95, the optical thickness which changed [% / 30 ] the AlAs presentation fi-om 90% to the interface of 
aluminumO.9 GaO.l As and aluminumO.3 GaO.l As gradually may prepare the field which is about 9nm. 

[0090] Here, in membrane formation by the MOCVD method, as a dopant ingredient, the silane was 
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used for p molds cyclo pen TAJINIUMU magnesium and for n molds, using trimethylgallium, 
trimethylaluminum, trimethylindixun, an arsine, and phosphoretted hydrogen as material gas, and 
without having considered as 750 degrees C and breaking a vacuum, the substrate temperature at the 
time of film growth carried out sequential change of the material gas, and formed membranes 
continuously. 

[0091] next, a path is about 30 micrometers like an example 1 ~ the post S of the shape of cylindrical or 
a pyramid is formed. Then, oxidize fi"om the side, only the AlAs layer 99 is made to form into high 
resistance with a steam all over about 400-degree C fiimace, and fliis forms the current narrow segment. 
Although a non-oxidizing field turns into a current impregnation field to a barrier layer at this time, that 
path is about 3-20 micrometers. 

[0092] Next, the SiN layer (insulator layer) 97 and the 1st adjustment layer 98 which makes p lateral 
electrode serve a double purpose are formed like an example 1 . Then, VCSEL of the structure where the 
laminating of the 1st adjustment layer 98 and the 2nd adjustment layer 96 which make p lateral electrode 
serve a double purpose in the periphery based on [ of a laser beam ] outgoing radiation by the wet 
etching by the usual photolithography process and the etchant which consisted of phosphoric acid, a 
hydrochloric acid, and water as the part located in the up center section of the post S among the 
In0.5Ga0.5 P 2nd adjustment layers 96 is deleted and it was shown in drawing 1 1 was carried out is 
obtained. 

[0093] As the gestalt of the 2nd operation also explained, VCSEL concerning this example 2 can control 
the laser oscillation of the high order transverse mode, and can obtain the laser oscillation of the high 
brightness basic transverse mode. 

[0094] Moreover, in this example 2, although the part in the up center section of the post S is deleted 
among the 2nd adjustment layers 96, as the gestalt of the 2nd operation also explained, even if it carries 
out the laminating of the reflection property amendment layer on the 2nd adjustment layer 96 in the up 
center section of the post S instead of deleting, the same efTectiveness can be acquired. 
[0095] Moreover, like an example 1, although the InO.5 GaO.5 P layer which can do selective etching 
easily was used as an ingredient of the 2nd adjustment layer 96 in this example 2, if the reflection factor 
and/or effective refi-active index of a laser cavity in the periphery based on [ of a laser beam ] outgoing 
radiation can be reduced, other ingredients can also be used. 

[0096] Moreover, also in this example 2, like an example 1, although AlGaAs was used as an ingredient 
of a barrier layer, VCSEL for near-infi^red can also be constituted using GaAs or InGaAs, and VCSEL 
for red can also be constituted using InGaP or AlGalnP. Furthermore, VCSEL for 1 .3-1 .5-micrometer 
bands can also be constituted using a VCSEL and InGaAsP system etc. for blue or ultraviolet rays using 
a GaN system, a ZnSe system, etc. 

[0097] [Example 3] This example 3 is the thing corresponding to the gestalt of the 3rd operation shown 
in drawing 8 . As shown in drawing 12 , on the up DBR layer 95, the 2nd adjustment layer 96 which 
consisted of three layers is formed. Namely, p mold aluminumO.9 GaO.l As layer 96C from which 
optical thickness is set to one fourth of the wavelength in a medium by lxl018cm-3 by the carrier 
concentration which formed this 2nd adjustment layer 96 on the up DBR layer 95, p mold aluminumO.3 
GaO.7 As layer 96B from which optical thickness becomes [ the carrier concentration prepared on this 
layer 96C ] 0.44x1 of the wavelength in a mediimi / 4 times by lxl018cm-3. The carrier concentration 
prepared on this layer 96B consists of p mold GaAs contact layer 96 A whose optical thickness is 20nm 
by lxl019cm-3. 

[0098] Moreover, in this example 3, a proton is driven into the flank of the up DBR layer 95, the high 
resistance field 100 is formed, without forming post S like an example 1, and this forms the current 
narrow segment. 

[0099] Moreover, the 1st adjustment layer 98 which vapor-deposits Ti and Au and makes p lateral 
electrode serve a double purpose like an example 1 is formed in the periphery on the 2nd adjustment 
layer 96. Center-section opening of this 1st adjustment layer 98 serves as an outgoing radiation field of a 
laser beam. 

[0100] As for the core of the outgoing radiation field of a laser beam, and the core of the current narrow 
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segment which drove in and formed the proton, it is desirable that it is in agreement with the optical axis 
of a laser beam as much as possible. In addition, other configurations are the same as that of an example 
1, and the explanation is omitted. 

[0101] VCSEL produced as mentioned above was able to set, and the resonator reflection factor in 
directly imder [ based on / of the laser beam of a center section / outgoing radiation ] was as high as 
about 99.5%, and the resonator reflection factor in directly under [ of the 1st adjustment layer 98 which 
makes p lateral electrode serve a double purpose ] was able to become low with about 70%, and was 
able to control the laser oscillation of the high order transverse mode appropriately. 
[0102] In addition, you may make it etching remove the part of the 2nd adjustment layer 96 located 
focusing on the outgoing radiation of a laser beam like an example 2. Moreover, instead of etching 
removing, as the gestalt of the 2nd operation also explained, the laminating of the reflection property 
amendment layer may be carried out on the 2nd adjustment layer 96 in a center section. Moreover, also 
in this example 3, like an example 1, although AlGaAs was used as an ingredient of a barrier layer, 
VCSEL for near-infrared can also be constituted using GaAs or InGaAs, and VCSEL for red can also be 
constituted using InGaP or AlGalnP. Furthermore, VCSEL for 1.3-1.5-micrometer bands can also be 
constituted using a VCSEL and InGaAsP system etc. for blue or ultraviolet rays using a GaN system, a 
ZnSe system, etc. 

[0103] [an example 4] — it is shown in dravsdng 13 — as — the n mold GaAs substrate 91 top ~ MOCVD 
~ carrier concentration carries out the laminating of the n mold GaAs buffer layer 92 whose thickness is 
about 0.2 micrometers by 1x101 8cm-3 by law. 

[0104] this buffer layer 92 top ~ MOCVD by law, the 40.5 period laminating of aluminumO.9 GaO.l 
As and the aluminumO.3 GaO.7 As is carried out by turns so that each optical thickness may be set to 
one foxirth of the wavelength in a medium, and carrier concentration forms [ the total thickness ] the 
lower n mold DBR layer 93 which is about 4 micrometers by lxl018cm-3. 

[0105] this lower n mold DBR layer 93 top — MOCVD — with an xmdoping lower aluminumO.5 GaO.5 
As spacer layer by law Undoping quantimi well barrier layer (with three layers of 
aluminumO.l lGa0.89As quantum well layers of 90nm of thickness) The thickness constituted by the 
xmdoping up aluminumO.5 GaO.5 As spacer layer as consisting of four layers of aluminiraiO.3 GaO.7 As 
barrier layers of 50nm of thickness forms the barrier layer field 94 used as the wavelength in a medium. 
[0106] this barrier layer field 94 top — MOCVD — by law, 20 period laminating of aluminumO.9 GaO.l 
As and the aluminumO.3 GaO.7 As is carried out by turns so that each optical thickness may be set to 
one fourth of the wavelength in a medium, and carrier concentration forms [ the total thickness ] the up p 
mold DBR layer 95 which is about 2 micrometers by 1x101 8cm-3. 

[0107] Besides, the 2nd adjustment layer 96 of aluminumO.3 GaO.7 As firom which optical thickness is 
set to one fourth of the wavelength in a medium by undoping is inserted in a part of periphery in the 
section p mold DBR layer 95. This 2nd adjustment layer 96 of aluminumO.3 GaO.7 As is formed in the 
location where 5 period laminating of aluminumO.9 GaO.l As and aluminumO.3 GaO.7 As which are a 
part of up p mold DBR layer 95 under it is carried out by tums. 

[0108] In this example 4, this aluminimiO.9 GaO.l As by which 5 period laminating was carried out, and 
an aluminumO.3 GaO.7 As layer demonstrate the fimction of the 1st adjustment layer 98 by being located 
between the 2nd adjustment layer 96 and the undoping up aluminumO.5 GaO.5 As spacer layer of the 
barrier layer field 94. That is, tihe reflection factor and effective refiractive index of a laser cavity in that 
part will fall by this alumin\mi0.9 GaO.l As by which 5 period laminating was carried out, the 
aluminimiO.3 GaO.7 As layer (the 1st adjustment layer 98), the 2nd adjustment layer 96 located in right 
above [ of it ], and the DBR layer 95. 

[0109] In addition, when the 2nd adjustment layer 96 is inserted in right above [ of the undoping up 
aluminumO.5 GaO.5 As spacer layer of the barrier layer field 94 ], the effectiveness of reducing the 
reflection factor and effective refractive index of a laser cavity in the part is not fully acquired. 
[01 10] Here, although not illustrated, carrier concentration may carry out the laminating of the p mold 
GaAs contact layer whose thickness is about lOnm to the topmost part by lxl019cm-3. Moreover, 
although not stated in detail, in order to lower electric resistance of the DBR layers 93 and 95, the 
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thickness which changed [% / 30 ] the AlAs presentation from 90% to the interface of aluminumO.9 
GaO.l As and aluminuniO.3 GaO.7 As gradually may prepare the field which is about 9nm. 
[01 1 1] Also in this example 4, like an example 1, it etches to the middle of the lower n mold DBR layer 
93, the post S which consists of the cylinder or prism whose path is about 10-30 micrometers is formed, 
and this forms the current narrow segment. The SiN layer 97 is vapor-deposited by the circumference of 
Post S, and the pars basilaris ossis occipitalis of Post S. Moreover, it is vapor-deposited by the upper 
part of Post S by the thickness Ti and whose Au are lOnm and 300nm, respectively, the p lateral 
electrode 101 is formed in it, and the center section is removed. Although not illustrated in the rear face 
of a substrate 91, AuGe is vapor-deposited as an n lateral electrode. Although outgoing radiation of the 
laser light is carried out from the outgoing radiation field of the laser beam of the part in which the p 
lateral electrode 101 does not exist, i.e., the center section of the post S, the aperture of this outgoing 
radiation field has desirable about 3-20 micrometers. 

[01 12] The 2nd adjustment layer 96 of aluminumO.3 GaO.7 As inserted into the p mold DBR layer 95 in 
this example 4, By forming aluminumO.9 GaO.l As and alimunumO.3 GaO.7 As which are directly under 
the 2nd adjustment layer 96 which fimctions as the 1st adjustment layer and by which 5 period 
laminating was carried out The resonator reflection factor in directly imder [ based on / of the laser beam 
of the center section of the post S / outgoing radiation ] was as high as about 99.5%, and the resonator 
reflection factor in directly under [ of the 2nd adjustment layer 96 ] was able to become low like the 
result shown in drawing 4 , and was able to control the laser oscillation of the high order transverse 
mode appropriately. 

[01 13] Although constituted using aluminxmiO.3 GaO.7 As, the 2nd adjustment layer 96 can also consist 
of this example 4 using other ingredients, if it is the ingredient into which the reflection factor and/or 
effective refractive index of a laser cavity in directly under [ of the 2nd adjustment layer 96 ] can be 
reduced. Moreover, as the 2nd adjustment layer 96, although the imdoping layer was used, n mold or p 
type layer can also be used. When an undoping layer or n type layer is used, the advantage to which 2nd 
adjustment layer 96 the very thing also demonstrates a current constriction fimction is acquired. The 1st 
adjustment layer 98 as well as example 1 grade can also constitute using other ingredients. 
[0114] Moreover, although it etches to the middle of the lower n mold DBR layer 93 and Post S is 
formed in this example 4, from an up aluminumO.5 GaO.5 As SU **-sir layer or it, etching may be 
suspended in the upper part. Post S may be formed, and it may etch to right above [ of a substrate 91 ], 
and Post S may be formed. 

[0115] Moreover, although AlGaAs was used as an ingredient of a barrier layer, VCSEL for near- 
infrared can also be constituted using GaAs or InGaAs, and VCSEL for red can also consist of this 
example 4 using InGaP or AlGalnP. Furthermore, VCSEL for 1.3-1.5-micrometer bands can also be 
constituted using a VCSEL and InGaAsP system etc. for blue or ultraviolet rays using a GaN system, a 
ZnSe system, etc. 

[01 16] Moreover, an insulator layer can also be used by not being limited to a semiconductor material 
and choosing various current impregnation methods as an ingredient of the DBR layers 93 and 95. When 
using an insulator layer as an ingredient of the DBR layers 93 and 95, it is desirable to use an insulator 
layer rather than a semi-conductor also as an ingredient of the 2nd adjustment layer 96. 
[0117] Moreover, although irregularity may generate only that part on the top face of the p mold DBR95 
as shown in drawing 14 when the 2nd adjustment layer 96 is formed using a re-growth technique, 
although this example 4 showed the example with the flat top face of the p mold DBR layer 95, the same 
effectiveness can be acquired even in this case. 

[0118] [Example 5] As shown in drawing 15 , an example 5 arranges two or more VCSEL components 
150 of the same structure as the structure shown in the example 1 on the same substrate, and constitutes 
a VCSEL array. In this example 5, in order to separate each VCSEL component 150 of each other 
electrically, the slot 151 is formed between the VCSEL components 150. Although only the cross 
section of an one direction is shown in drawing 15 , also in the depth direction, the slot 151 dissociates 
electrically. 

[01 19] In addition, in this example 5, although the slot 151 is used as an electric separation means, other 
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means, such as an approach of preparing a high resistance field by ion implantation, can also be used. 
[0120] Moreover, although the thing of the postmold shown in the example 1 is used as each VCSEL 
component 150 which constitutes a VCSEL array, the thing of the selective oxidation mold of an 
example 2 and the ion-implantation mold of an example 3 can also be used. 

[0121] Moreover, not only two-dimensional but at least one dimension of configuration methods of a 
VCSEL array does not interfere, every ~ an independent drive mold may be used for the drive of the 
VCSEL component 150 — it may carry out, a matrix drive mold may be used, and a coincidence drive 
mold may be used fiirther. 

[0122] every ~ since the membrane formation means excellent in the homogeneity within a field is used 
in production of the VCSEL component 150, even if a VCSEL array becomes large-scale ~ every — the 
property variation between the VCSEL components 150 has the advantage which becomes very small. 
[0123] In the above example, what combined the gestalt of the 1st operation and the postmold VCSEL is 
made into an example 1 . Although what combined the AlAs selective oxidation mold VCSEL as the 
gestalt and current constriction structure of the 2nd operation was made into the example 2 and what 
combined the proton in plastic mold VCSEL as the gestalt and current constriction structure of the 3rd 
operation was made into the example 3 Even if it is not limited to such combination and changes 
combination suitably, the purpose of this invention can be attained. 
[0124] 

[Effect of the Invention] According to this invention, as explained above, repeatability is good, it is a 
high yield and VCSEL and the VCSEL array which have a high brightness basic transverse-mode 
optical output can be manufactured cheaply. Therefore, VCSEL and the VCSEL array concerning this 
invention can fiiUy be used £ilso for the application as which high brightness basic transverse-mode 
optical outputs, such as printer equipment and optical-magnetic disc equipment, are required. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The graph which shows the optical intensity distribution when carrying out laser oscillation 
of the sectional view simpUfying and showing the structure of VCSEL which (a) requires for this 
invention, and the (b) by the basic transverse mode, and (c) are graphs which show tiie optical intensity 
distribution when canying out laser oscillation by the high order transverse mode. 
[Drawing 2] It is VCSEL concerning this invention, and it is a sectional view although it has refractive- 
index waveguide stmcture. 

[Drawing 3] It is the sectional view of VCSEL concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 4] It is the graph which shows the relation between the optical thickness of the 2nd adjustment 
layer, and the amplitude reflectance in the laser oscillation wavelength of 780nm. 
[Drawing 5] It is the graph which shows a reflectance spectrum on the strength in case the optical 
thickness of the 2nd adjustment layer is abbreviation 1 .6x quarter-wave length, and is a thing in case (a) 
does not start the gestalt of operation of this invention and (b) does not prepare the 1st adjustment layer. 
[Drawing 6] (a) And (b) is the sectional view of VCSEL which starts the gestalt of operation of the 2nd 
of this invention, respectively. 

[Drawing 7] It is the graph which shows the reflectance spectrum of an up reflecting layer on the 
strength. 

[Drawing 8] It is the sectional view of VCSEL concerning the gestalt of operation of the 3rd of this 
invention. 

[Drawing 9] (e) is the sectional view showing the production process of VCSEL concerning ihe example 

I of this invention in order from (a). 

[Drawing 10] It is the graph which shows the relation of the optical output and inrush current in VCSEL 
and the conventional VCSEL concerning the example 1 of this invention. 
[Drawing 11] It is the sectional view of VCSEL concerning the example 2 of this invention. 
[Drawing 12] It is the sectional view of VCSEL concerning the example 3 of this invention. 
[Drawing 13] It is the sectional view of VCSEL concerning the example 4 of this invention. 
[Drawing 14] It is the sectional view of VCSEL concerning the example 4 of this invention. 
[Drawing 15] It is the sectional view of the VCSEL array concerning the example 5 of this invention. 
[Drawing 16] It is the sectional view of VCSEL of the conventional proton in plastic mold. 
[Drawing 17] It is the sectional view of the conventional VCSEL which has the loss determiner of a 
concave configuration. 

[Drawing 18] It is the sectional view showing in order the production process of the loss determiner in 
the conventional VCSEL which has a loss determiner. 
[Description of Notations] 

I I Barrier Layer Field 

12 Up Reflecting Layer 

13 Lower Reflecting Layer 
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* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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JPO and HCIPI are not: responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 7th section 
[Pubhcation date] February 14, Heisei 15 (2003. 2.14) 

[Publication No.] JP,2000-22271,A (P2000-22271 A) 
[Date of Publication] January 21, Heisei 12 (2000. 1.21) 
[Annual volume number] Open patent official report 12-223 
[Application number] Japanese Patent Application No. 10-190701 
[The 7th edition of Intemational Patent Classification] 

HOIS 5/30 
[FI] 

HOIS 3/18 

[Procedure revision] 

[Filing Date] November 7, Heisei 14 (2002. 1 1.7) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Clami(s)] 

[Claim 1] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively, 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the location which receives a laser beam 
before the outgoing radiation of a laser beam at least, and reflects a laser beam in said reflecting layer 
side, 

The 2nd adjustment layer of the translucency to which the phase of a laser beam reflected in said 
reflecting layer and said 1st adjustment layer is changed while incidence of the laser beam reflected in 
said reflecting layer and said 1st adjustment layer is carried out, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 2] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 



http://www4apdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.n... 5/23/2005 . 



Page 2 of 6 



barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the location which receives a laser beam 
before the outgoing radiation of a laser beam at least, and reflects a laser beam in said reflecting layer 
side. 

The 2nd adjustment layer of the translucency to which the multiple echo of the laser beam which carried 
out incidence is carried out between said reflecting layers and said 1st adjustment layers while incidence 
of the laser beam reflected in said reflecting layer and said 1st adjustment layer is carried out, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 3] The thickness of said 2nd adjustment layer is a surface emission-type laser according to claim 
1 or 2 characterized by being the thickness which carries out laser oscillation by the basic transverse 
mode. 

[Claim 4] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, 
and reflects a laser beam in one [ said / at least ] reflecting layer side. 

The outgoing radiation core of the laser beam generated in said barrier layer field is a periphery at least. 
While a laminating is carried out between one [ said / at least ] reflecting layer and said 1st adjustment 
layer and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer is carried out By changing the phase of a laser beam reflected in one [ said / at least ] 
reflecting layer and said 1st adjustment layer, and attenuating the synthetic wave of the laser beam after 
a phase change, and the laser beam which carried out incidence The 2nd adjustment layer of the 
translucency to which the reflection factor to the oscillation wavelength of the laser beam in the 
periphery based on [ of said laser beam ] outgoing radiation is reduced, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 5] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1 st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, 
and reflects a laser beam in one [ said / at least ] reflecting layer side. 

The outgoing radiation core of the laser beam generated in said barrier layer field is a periphery at least. 
While a laminating is carried out between one [ said / at least ] reflecting layer and said 1st adjustment 
layer and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer is carried out The 2nd adjustment layer of the translucency to which interference by the 
multiple echo is generated by said 1st adjustment layer, 2nd adjustment layer concemed, and said 
reflecting layer, and the reflection factor to the oscillation wavelength of the laser beam in the periphery 
based on [ of said laser beam ] outgoing radiation is reduced, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 6] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, 
and reflects a laser beam in one [ said / at least ] reflecting layer side. 

The outgoing radiation core of the laser beam generated in said barrier layer field is a periphery at least. 
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While a laminating is carried out between one [ said / at least ] reflecting layer and said 1st adjustment 
layer and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer is carried out The phase of a laser beam reflected in one [ said / at least ] reflecting 
layer and said 1st adjustment layer is changed. The 2nd adjustment layer of the translucency to which 
oscillation wavelength of the laser beam in the periphery based on [ of said laser beam ] outgoing 
radiation is made into a different thing from the oscillation wavelength of the laser beam in the outgoing 
radiation core of said laser beam, and the effective refractive index to the oscillation wavelength of the 
laser beam in the periphery based on [ of said laser beam ] outgoing radiation is reduced, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 7] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, 
and reflects a laser beam in one [ said / at least ] reflecting layer side. 

The outgoing radiation core of the laser beam generated in said barrier layer field is a periphery at least. 
While a laminating is carried out between one [ said / at least ] reflecting layer and said 1st adjustment 
layer and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer is carried out The 2nd adjustment layer of the translucency to which interference by the 
multiple echo is generated by said 1st adjustment layer, 2nd adjustment layer concerned, and said 
reflecting layer, and the effective refractive index to the oscillation wavelength of the laser beam in the 
periphery based on [ of said laser beam ] outgoing radiation is reduced, 
a **** beam — the surface emission-type laser characterized by things. 

[Claim 8] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out to the outside of one [ at least ] reflecting layer, 
and reflects a laser beam in one [ said / at least ] reflecting layer side, 

The outgoing radiation core of the laser beam generated in said barrier layer field is a periphery at least. 
While a laminating is carried out between one [ said / at least ] reflecting layer and said 1st adjustment 
layer and incidence of the laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer is carried out The 2nd adjustment layer of the translucency to which the effective 
refractive index to the oscillation wavelength of the laser beam in the periphery based on [ of said laser 
beam ] outgoing radiation is reduced while shifting the wavelength which resonates by said 1st 
adjustment layer, 2nd adjustment layer concemed, and said reflecting layer to a short wavelength side 
rather than the oscillation wavelength of a laser beam, 
a **** beam ~ the surface emission-type laser characterized by things. 

[Claim 9] In the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively, 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out between one [ at least ] spacer layers and 
reflecting layers of an outside, and reflects a laser beam in one [ said / at least ] spacer layer side. 
The 2nd adjustment layer of the translucency to which it is a periphery based on [ of the laser beam 
generated in said barrier layer field ] outgoing radiation, and is located between one [ said / at least ] 
reflecting layer and the 1st adjustment layer, incidence of the laser beam reflected in one [ said / at 
least ] reflecting layer and said 1st adjustment layer is carried out, and the reflection factor to the 
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oscillation wavelength of the laser beam in the periphery based on [ of said laser beam ] outgoing 

radiation is reduced, 

a **** beam — the siuiace emission-type laser characterized by things. 

[Claim 10] Said 2nd adjustment layer is a surface emission-type laser according to claim 9 characterized 
by changing the phase of a laser beam reflected in one [ said / at least ] reflecting layer and said 1st 
adjustment layer, and attenuating the synthetic wave of the laser beam after a phase change, and the 
laser beam which carried out incidence. 

[Claim 1 1] hi the surface emission-type laser which comes to have the barrier layer field which consists 
of a spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier 
layer, respectively, and the reflecting layer which carried out the laminating to the both sides of this 
barrier layer field, respectively. 

The 1st adjustment layer which is a periphery based on [ of the laser beam generated in said barrier layer 
field ] outgoing radiation, and a laminating is carried out between one [ at least ] spacer layers and 
reflecting layers of an outside, and reflects a laser beam in one [ said / at least ] spacer layer side. 
The 2nd adjustment layer of the translucency to which it is a periphery based on [ of the laser beam 
generated in said barrier layer field ] outgoing radiation, incidence of the laser beam reflected in one 
[ said / at least ] reflecting layer and said 1st adjustment layer is carried out, and the effective refi-active 
index to the oscillation wavelength of the laser beam in the periphery based on [ of said laser beam ] 
outgoing radiation is reduced, 

a **** beam — the surface emission-type laser characterized by things. 

[Claim 12] For the oscillation wavelength of a laser beam [ in / for the oscillation wavelength of a laser 
beam / in / the phase of a laser beam reflected in one / said / at least / reflecting layer and said 1st 
adjustment layer is changed, and / the periphery based on / of said laser beam / outgoing radiation / the 
outgoing radiation core of said laser beam ], said 2nd adjustment layer is a surface emission-type laser 
according to claim 1 1 characterized by making it a different thing. 

[Claim 13] Said 1st adjustment layer is the surface emission-type laser of 12 claim 9 characterized by 
making serve a double purpose and constituting said a part of reflecting layer thru/or given in any 1 
term. 

[Claim 14] Claim 1 characterized by having differed in the part in which the optical thickness of said 
2nd adjustment layer is located focusing on the outgoing radiation of a laser beam, and the part located 
in the periphery, and making high the reflection factor to the oscillation wavelength of the laser beam in 
the outgoing radiation core of a laser beam thru/or the sxirface emission-type laser of 13 given in any 1 
term. 

[Claim 15] Claim 1 characterized by preparing the reflection property amendment layer which makes 
high the reflection factor to the oscillation wavelength of the laser beam in the outgoing radiation core of 
a laser beam in a part of part [ at least ] located focusing on the outgoing radiation of the laser beam in 
said 2nd adjustment layer thru/or the surface emission-type laser of 14 given in any 1 term. 
[Claim 16] Said 2nd adjustment layer is the surface emission- type laser of 15 claim 1 characterized by 
consisting of one kind or two kinds or more of ingredients, or a presentation thru/or given in any 1 term. 
[Claim 17] Said 1st adjustment layer is the surface emission-type laser of 15 claim 1 characterized by 
consisting of one kind or two kinds or more of ingredients, or a presentation thru/or given in any 1 term. 
[Claim 18] Said 1st adjustment layer is the surface emission-type laser of eight claim 1 characterized by 
consisting of metals and making one electrode serve a double purpose thru/or given in any 1 term. 
[Claim 19] Said 1st adjustment layer is the surface emission-type laser of 17 claim 1 characterized by 
consisting of semi-conductor multilayers thru/or given in any 1 term. 

[Claim 20] Said 1st adjustment layer is the surface emission-type laser of 17 claim 1 characterized by 
consisting of dielectric multilayers thru/or given in any 1 term. 

[Claim 21] Claim 1 characterized by current constriction structure being a postmold thru/or the surface 
emission-type laser of 20 given in any 1 term. 

[Claim 22] Claim 1 characterized by current constriction structure being a selective oxidation mold 
thru/or the surface emission-type laser of 20 given in any 1 term. 
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[Claim 23] Claim 1 characterized by current constriction structure being a proton placing mold thru/or 
the surface emission-type laser of 20 given in any 1 term. 

[Claim 24] The field limiinescence laser array characterized by coming to arrange two or more surface 

emission-type lasers of 23 claim 1 thru/or given in any 1 term in the shape of an array. 

[Procedure amendment 2] 

[Docimient to be Amended] Specification 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0020] 

[Means for Solving the Problem] this invention person etc. came to complete header this invention for 
the above-mentioned technical problem being solvable with the following means, as a result of inquiring 
wholeheartedly. That is, the surface emission-type laser of this invention is characterized by having the 
following. The barrier layer field which consists of a spacer layer which carried out the laminating to the 
both sides of a barrier layer and this barrier layer, respectively The 1st adjustment layer which is a 
periphery based on [ of the laser beam generated in the barrier layer field ] outgoing radiation in the 
surface emission-type laser which comes to have the reflecting layer which carried out the laminating to 
the both sides of this barrier layer field, respectively, and a laminating is carried out to the location 
which receives a laser beam before the outgoing radiation of a laser beam at least, and reflects a laser 
beam in a reflecting layer side The 2nd adjustment layer of the translucency to which the phase of a 
laser beam reflected in the reflecting layer and the 1st adjustment layer is changed while incidence of the 
laser beam reflected in the reflecting layer and said 1st adjustment layer is carried out Moreover, the 2nd 
adjustment layer may be the 2nd adjustment layer of the translucency to which the multiple echo of the 
laser beam which carried out incidence is carried out between said reflecting layers and said 1st 
adjustment layers while incidence of the laser beam reflected in the reflecting layer and the 1st 
adjustment layer is carried out. As for the thickness of these 2nd adjustment layer, it is desirable that it is 
the thickness which carries out laser oscillation by the basic transverse mode. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0021 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0021] The surface emission-type laser which comes to have the barrier layer field which consists of a 
spacer layer to which this invention carried out the laminating of an example of the surface emission- 
type laser of this invention to the both sides of a barrier layer and this barrier layer, respectively, and the 
reflecting layer which carried out the laminating to the both sides of this barrier layer field, respectively 
is characterized by providing the following. The 1st adjustment layer which is a periphery based on [ of 
the laser beam generated in the barrier layer field ] outgoing radiation, and a laminating is carried out to 
the outside of one [ at least ] reflecting layer, and reflects a laser beam in one [ at least ] reflecting layer 
side While the outgoing radiation core of the laser beam generated in the barrier layer field is a 
periphery at least, a laminating is carried out between one [ at least ] reflecting layer and the 1st 
adjustment layer and incidence of the laser beam reflected in one [ at least ] reflecting layer and 1st 
adjustment layer is carried out By changing the phase of a laser beam reflected in one [ at least ] 
reflecting layer and 1st adjustment layer, and attenuating the synthetic wave of the laser beam after a 
phase change, and the laser beam which carried out incidence The 2nd adjustment layer of the 
translucency to which the reflection factor to the oscillation wavelength of the laser beam in the 
periphery based on [ of a laser beam ] outgoing radiation is reduced The outgoing radiation core of a 
laser beam of having generated the 2nd adjustment layer in the barrier layer field is a periphery at least. 
While a laminating is carried out between one [ at least ] reflecting layer and the 1st adjustment layer 
and incidence of the laser beam reflected in one [ at least ] reflecting layer and 1st adjustment layer is 
carried out By changing the phase of a laser beam reflected in one [ at least ] reflecting layer and 1st 
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adjustment layer, and attenuating the synthetic wave of the laser beam after a phase change, and the 
laser beam which carried out incidence It can consider as the 2nd adjustment layer of the translucency to 
which the reflection factor to the oscillation wavelength of the laser beam in the periphery based on [ of 
a laser beam ] outgoing radiation is reduced. Moreover, the outgoing radiation core of a laser beam of 
having generated the 2nd adjustment layer in the barrier layer field is a periphery at least. While a 
laminating is carried out between one [ at least ] reflecting layer and the 1st adjustment layer and 
incidence of the laser beam reflected in one [ at least ] reflecting layer and 1st adjustment layer is carried 
out It is good also as the 2nd adjustment layer of the translucency to which interference by the multiple 
echo is generated by the 1st adjustment layer, the 2nd adjustment layer, and the reflecting layer, and the 
reflection factor to the oscillation wavelength of the laser beam in the periphery based on [ of a laser 
beam ] outgoing radiation is reduced. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0022 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0022] The surface emission-type laser for which an example of everything [ this invention ] but the 
surface emission-type laser of this invention comes to prepare the barrier layer field which consists of a 
spacer layer which carried out the laminating to the both sides of a barrier layer and this barrier layer, 
respectively, and the reflecting layer which carried out the laminating to the both sides of this barrier 
layer field, respectively is characterized by providing the following. The 1st adjustment layer which is a 
periphery based on [ of the laser beam generated in the barrier layer field ] outgoing radiation, and a 
laminating is carried out to the outside of one [ at least ] reflecting layer, and reflects a laser beam in one 
[ at least ] reflecting layer side While the outgoing radiation core of Ihe laser beam generated in the 
barrier layer field is a periphery at least, a laminating is carried out between one [ at least ] reflecting 
layer and the 1st adjustment layer and incidence of the laser beam reflected in one [ at least ] reflecting 
layer and 1st adjustment layer is carried out The phase of a laser beam reflected in one [ said / at least ] 
reflecting layer and said 1st adjustment layer is changed. The 2nd adjustment layer of the translucency 
to which oscillation wavelength of the laser beam in the periphery based on [ of said laser beam ] 
outgoing radiation is made into a different thing from the oscillation wavelength of the laser beam in the 
outgoing radiation core of said laser beam, and the effective refractive index to the oscillation 
wavelength of the laser beam in the periphery based on [ of a laser beam ] outgoing radiation is reduced 
The outgoing radiation core of a laser beam of having generated the 2nd adjustment layer in the barrier 
layer field is a periphery at least. While a laminating is carried out between one [ at least ] reflecting 
layer and the 1st adjustment layer and incidence of the laser beam reflected in one [ at least ] reflecting 
layer and 1st adjustment layer is carried out Interference by the multiple echo is generated by the 1st 
adjustment layer, the 2nd adjustment layer, and the reflecting layer, and it can consider as the 2nd 
adjustment layer of the translucency to which the effective refractive index to the oscillation wavelength 
of the laser beam in the periphery based on [ of a laser beam ] outgoing radiation is reduced. Moreover, 
the outgoing radiation core of a laser beam of having generated the 2nd adjustment layer in the barrier 
layer field is a periphery at least. While a laminating is carried out between one [ at least ] reflecting 
layer and the 1st adjustment layer and incidence of the laser beam reflected in one [ at least ] reflecting 
layer and 1st adjustment layer is carried out While shifting the wavelength which resonates by the 1st 
adjustment layer, the 2nd adjustment layer, and the reflecting layer to a short wavelength side rather than 
the oscillation wavelength of a laser beam, it is good also as the 2nd adjustment layer of the translucency 
to which the effective refractive index to the oscillation wavelength of the laser beam in the periphery 
based on [ of a laser beam ] outgoing radiation is reduced. 



[Translation done.] 
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bfci^FUKItS 1 2 i:.. ffi14S^«c 1 1 <DTU^^~^ 
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HutSKW^ t HulE^ 1 DISS <h T-Rtt !f )t*s 

tfrlESMg t StrfEM 1 use t ©raT'^msW r 

lam 1 t <ora $ mi&B^>^i < 1 1 — 

t ®-gr^ is 4 -e: 5 - ^ Sr4*® i: "t-.S 5 la 

. t it*'9 7 ] MiE» 2 isss tt. tfriE^ 1 m^m h ^ 

1^^ 2 i MIBKltS t i o T J; 5 T 

fo S r i: <lrit#^a t ■t-5.t»*« 5 IE«Wffil6?t To 



(2) 

2 

mm 1 i^ss i: <o m \cmm $ tfrfE^^ f£<th-:^<^ 

RMM t mum 1 SSSJg i: -eSit$ H/c u— f 3t*5AM 

■ 1 0 1 mmm 2 fi. Huiam i t 

2 USSS i fltflESltg 1 1:: J: o T#fiRM J; 5 

[if ^9 1 1 ] MiB^ 2 fi!g€ fltriB^ 1 ^mm t 

-tST 1 WT?fc 5 r t ?:(|#«S: i -fSIf 8 ISitO 

lt^''L^^c^2:ia-r5^El5^^9'>'^i< t t>-a5i-. u-f^^tco 
iif*3ii4] ■ HfriB^2psji(i. iaffl*fctt2a 

tlt*3fil5] WiESlfSSB«. I«®*fcfi2« 

ffliWicotfi^* fcf±m^;4^ ^> 5 r. i: ^Wm. t -TSit* 

[ti*« 1 6 ] mum 1 ^ssfix ^ja-c'«fiS,$tv. 
[ts*«i7i minim immmn. ^mi^^mmxm 

so tu*>-fE«©ffi363t^— 
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(3) 

3 

[st*^ 1 9 1 ^^hz.(om'&.m<Dnm\^^fi^^ . ■ 

©ratc-teS ltlfB'>J^i < i t — i: BuiS^ 1 
[If 2 0 1 MIH^ 2 SSSjifi, «&fE'>J& < i: t- 

-T?fe-oT, *frlE'>^,c< t t-:^<:oSt^^tS^rl^mBSS- 
5II^JSJf««r<ST$-e:5ii)ti4w|g21^|ggi:SrS?tt • 

« i: i- 5 2 2 |E«OiEI83t V— !f 2 ■ 



4 

2 6 1 .msss«5^«i5t*sa*^ift'fks!-^.*) 5 ^ 

.-K«<DB^3ti/— if, 

ltl*3S2 81, ii^35i7&^p3 2 7S-eOTv>ftbd--fa 

[^0J<OS^JNB^£lftMl . • i 

[0 0 0 1 1 . ; • ? 

[|gB^©Jai-5ft^^J-lfl ffiie^u— !f*5j: 

[000 21;, 

[t**co&$ISl.:ftE*S|g§!Biilg3itW'— !f (V e r t i 

cal Cavity SurfaceEmitti 
ng La s e r. t;^T rVCSELj ifcV^Po ) 

fi^Kenichi Iga. Fumi-.o Koyam 
a and Susumu Kinoshita, " S 

urface Emitting Semicondu 
c t o r. ..La s e r. s " : ; _.I.E-E E. :.J. o .u- r. n a 1 
o f ■ Q u antum Elecronics, 19 
88, 24. pp. 1 iB4 5-1 8 5 Sl^IJix VCSE 

VCSELIi. S*^^-K^m;^*5vN^fcVh$<. 
VN-tf 1/^ 2 ~ 3 mWa^T'fe 9 . , ^03^cfclBi^;65pg^$ 

5i^^tt^> %m.%^^ 7^ ^%mM\^\>. V c 

S E L Srj^ffl-f-^ w i: Bill i 5o 
. [0 0 0 31 VCSEL©S*#l^-K^m;OSr:fe#< 
i-5fc«»©a^ffi:.bTtt, 0i|x.fi< R.. A. Mo r g a 
n.et al.,"Transv.erse Mode 
Contrcl. of Vertical— Cavi 
ty Top — Surface— Emitting L 
a s e. r s ." , L^E E E ^B-h o. t o n i- c s, Tec 
h n o 1 o g y : L e t. t e r s . .. 4 , p .p-. 3 7 4 — 

3 7 7 . 1- 9 9 3 ^J:iE^$i^■C.v.^?) J; 5 fc\ \y-^%(D- 

. taitisi^® pgsrii.i'ft-ri ^ i i;!? a*«|W- Kit 
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10 0 0 41 z.<r>wcsE,-Lmyt\-i.. -I&.'^^i-:^^ 

tc, m^UJiV^nMG a A sS«±(r, AlAsiiAl 
0.16Ga6.84A s Sr2 8. 5 JISB^S UT. !» TjS 
S/i5 3 X 1 0l8cm-3©TSenSDBR (D i s t r i 
buted Bragg Reflector)®16 

1 SrlSttTt^S. iODTiJBnSDBRSl 6 1 ±fCf4, 

6 2 ±t::|i. A 1 0. 58G a q. 42A s Sr#ni(cSfetf A 1 A 
s tA lo.l6Gao.84As «r2 Ojl««^U-C, =3f^y 
T}gS*S3 X 1 0l8cin-3~2 X 1 Ql^cm-^Wi^p 
SDBRSl 6 3SrS:ftTV^5o ^fejt^lx i^fBpSDB 
R® 1 6 3©±^fl5iCtt, U— t^'?tcomitli^l-6 6 0P 
SWA5g»f;£<^ffi tti^hiioK^U ^-^tc.p mWM 16 4- 
Sr^Jtrv^So ±lFI5pS!DBRSi 6 3 ©SiagBJ-i*. 

/ids. El^b35;v'>S!te«>T$l5fwf±, |ll*b)tcv>h{B!ltSffi 
[0 0 0 5] £j^±roJ:5/j:1t5S<^vcsEL^c*5V^-c 

f4. mssaEAigiiic©:fe# § (Sg) tmMmmi e 6<d 

[0 0 0 6] ztiKMl^x. 0-5 6 2 3 3-§- 

tcfi. mmmm^^i^.- Kittti;'?^:^^-.?) vc s e l*s 

u— !f |gS^#Sr51*5l6<)tc:3iH$fJi-5. J; 
•9ll!abTV^5„ ■tf£i:>h. VCSEHC*J»j-?.S3^ 

[000 7] rcDVCSELtt. 
g| 1 7 ti.T^i- J: 5 Iw. «m§S¥*«^S« 1 7 1 i: , TSP 
D B RJi 1 7 2 i: , TUT) B R^ 1 7 2 i fliSSC^e^^ 
-KSr#-f-5±*F|JDBRSl 7 4i. TaSDBR^l 7 

2 t ±SBD B RS 1 7 4 orH^(C^**l.fcS+4S^*^ 1 7 

1 7 St. !iife^:£3tl^l 7 6i:. 7 7^tTJ5i 7 

8i:»c:J;t?fllAfe$ti,. jtW 1 7 9 fc?SoT !^3t;!)5m 

lt$H5o a^j5^:;t^T 1 7 6 f4. 7 9 itt^i- 

5:^^|6)^c*5V^-C5tttl 7 9*='e>«>8E«*sie:^-t-2><^tc$& 



5 

m^l 7 6f4. *«II<DU— !f^t^a*f-t--5f^ffli:, * 

[0 0 0 8] bfc;65oT. w©il3fe^3tm^l 7 etci 
fJ.^^l 7 9 i:a32i-5;^|6]tr*5tj-S)fefft 1 7 9*»b 

K^S(43ttt 17 9 (rifi^LT^ Wi^ 

[0 0 0 9] 

1 0-5 6 2 3 3#^'&3^$^^fcSE^Ifi'J:J^^^^ J!Sae<3 

mz. m^m^-mmztmmw^^^i:it. 

[0010] 1 0-5 6 2 3 3 

^$ixfcft^lf-Ctt> ±xEL/cJ;5»-, VCSEL»r*5»t 

-T'iipt., ^^m^immmzmiz^'^. i<Dzt 

[00 11] /hOi-H^l^ "ffifg^tu 

—If" (:^— i>.tfc. 1 9 90) fi:t^?g$tuTi/>2)J:5 
l::. vcsELtt. -Jis:{c, ^i^mmHt^'h^^^^tiV). * 

sig{ctti«vNst***s£.st $^5. mmici, m^EW% 

$irTV''5VCSEL(0#Slitt. 9 9%Ei±<DSlt* 
[0012] t r 5*5, 1 0-5 6 2 3 3 

[0 0 13] 4^M¥1 0-5 6 2 3 3-§-»cP^:^$ 

nfcft^g-cfi. m^^^m^ i 7 6 m i 7 jc* Lfc 
iicj:!?. mA'Ltcmm^^-r?>zt^!f^mtLx\>^ 

5o LfcdSoT, ^i*9i!t^^^l 7 6coff^4^^f^Sii-r^) 
:*i*»4iS-CfcoT. 1 0-5 6 2 3 3-§-tc:f4S^ 
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[00141 ^<D-m^%'^\-^m-^^ i . El 1 8 

(a) \z.7r<t i~o\^> j$*^B5r?i^AKLJ;5ii-?)«l 
8 1 <r>^m^y* V M 8 2 SrM*i-5o 
El 18 (b) {c^-rJ:5t-. m%<r)n%. ^—i^ 
T.U^m^XPim^y± h ^^^^ htt 1 8 3 ^Mi&i- 

. 5o w C07;i- M^i>;^ htfe 1 8 3 5 ~ 2 0 iJJ-tCip . 

•fcoTs 1^)2 5 0~.3 0 CCWia^-CiilD^i-S.i:, 01 

8 (c) ^r^-t-J;5^-^ ^^^(DmiSim^^-r^m'^com 

±^i!)^hS.ttM^:^>'=^iy^^'^i^ (R I E) . Srfflv^T. 
V'y-f^^y'^'^-i^'^M-tt. « 1 8 4d5^s/^Vc5^-7;^ 
iJ' i LTftffl LT, ^Wff^«.SrSS*-t-5^*> El 1 8 
(d) tc^i-J: 5{c,. fi4^(D^ftffiSr^-r:5fi|jtl 8 5 

[0 0 151 JW±, i2]t»t©?«ftffi^Sr*-t-5«3tSrfl^^-t- 
5:*-i*(-oV^T«iPJbfc;55. ^18 iJKO't^^aST-tt'iC 

[00161 L*^b. a^s/^^^'W;^^ i b-Cf^ffl-f-?. ■ 

iSI-T-rSr i:f**L<Si8-efc5„ -Sfc. VCSEL* 
^Sr#t!&^ttT-ifc76T W-fti-S J: 5 'fc^-a-t-fi, ill 

hfel 8 3 ira^^tse^^ 17 6 SrfllJ* UTV^5^WB3 

9 s ^ V c s E L^^ftlT-a^*^* 

. T-1 7 6©S*t*i|#tt*«x:2)r tfi#t>J6Tffli|-Cfe 

. loo 1 7] SX±<OX^K. m^^&m^l 7 6(Dfm 40 

MJ^i5S«±<D'S-VCSELt^^ra-C, *>5VNf47'p-fe 

hy5SM;^C^#VC S EL^^Fe^-e. ^<yy^^ 

[ 010 1 8 1. 1 7 6 «>iifl:i^<Dt$ifteD,.. 

S^<^^^a^<^mit6<)tcii;*c$iir. ^tut- J;..o■caA- 
®^i^t^iISrlt:'c$-&T. K© !f3SS--<0». 



?)©T% a^^itm^l 7 6®[U]<^©?gftffi©ff^4»t*5^ 
Jfetvtf , iStifc^^- K© U-f-'|gJg--^ff-r5 V C S E 

/!)SM7i:-pT< ?.o ^©^*. I^-StSiO'S-yCSEL 

^Iffl-e. #v c s E Lli^©«3|c«*-. K©ft;*cMim;^ 
*$^x5;BiiJc^tb-C»4. #^^1.0- 5 6 2 3 3-§-l«: 
[0 0 191 -tci-e. *^w©B«)tt. -es^^75f^«s 

[0 0 2 01 

M5:©tmt't''C->©^iag|5t?$>oT, — •t^*^© 

. stt® ©ffl!i»-Kiti-6^ 1 pss i: . ^mm t ttrlE^ 1 

WSM i -CRIt $ tu^ Alt $ HSS^tt©^ 

[0 0 2,1] ;^^p^©ffi^)tV'-f-*©-«ftj(4, m^mt 
© fflit 4^ 'L^© Ji ffl^ {c it 5 1/- ©^S&ft \^nir 

[00221 >f:5IW©ffill3tU— r©te©-«^»4, SI* 
flSSt, ei4Jg|i«c-C|g^bfcw— !f^©mit4''C>© 
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[0 0 2 3] ;*:%BJ(D®^)tu— 1^'<^te<^— Mfi, SI* 

[0 0 2 5] *fc; t^'T * 

[00261 £A±ro J; 5 f£m^(D^^% \^-1fKXtl 

[0 0 2 71 



(6) 

/<? 

01 (a) (i; *|g0J(c-»5Sii:*SlgMffi%?t 
!^* (VGSEL) <D«itSrfflflS^kUT^L^»fffi!a 

stcas Lfc±a5K*ts 1 2 1 , ^i^mmi$. 1 1 wtins 

2 JctJtt 5 !f3t<DttJlt4''L^<DJSjaiFB»::^ 1 PS« 1 

4 t02isss 1 5 1 ^ni-^xmmvtc§,m^^£^^i^ 

1 PS® 1 4 •x?ffl^*vfctH«c t -ife bX V ^ 

[00 2 81 ±URmm i 2 

20 fc 2 ISSS 1 5 $rili@ UT^ 1 tSS« 1 4 

' 1 2xnmRki^tixm2mMmi 5tcAtti-5<t 5fc 

^ 1 4 t oraXKM ^tufc U—^^i±m 2 ^SS 1 5 

?j^vit\^-^%ht^miAz.=^m\^x./t<o'^m^^n 

•^2f9iSer5(7)3t#«)lBSJ? («-J^ro!^« 
m&ti l^-- !^*3fe©^ffi^feft•■'(«»l;tt^ 7 8 0 nm) Jc:^ 

[0 0 2 9] ::©<t 5t-v— if^wailt^^roiljaSBl- 

ici6\^^x^mx^-rx 5 ic. s*^*- h'X'u—f^m 
■r^%(o^§^ii)^mmw^is^^x/h^<f£<o. 01 

1 2XSlt$^^5^:t;«:l'i:i-^ K^JclH^-KTl— 
60 ^|EtMS'<-C<&< 'its. 



t$ 2000-2227 1 (P200d-2227 1 A) 



[0 0 3 0J ^cDfc*. ffi<«>^«^-K-eu— l^*|gSi-5 
*lg|&S:®^^tTV^/j^^^^^5l5©VC SELJ:•? t>. 

So mi (b) idxxj^ (c) »c*5VN-c. ii^(i. 
100 3 1] fcfcL. w\A&)fmm^i^i^^^xmm-r^ 

[003 2] m 2|SSg 1 5 (0?t#6*)IKff ^$!)» 

(D^'SiS* («aj;tfl 7 8 0 nm) J; ?) tMifeftiHtCv'^ 

[003 3 ] .:i:/i,*3*>v. H a d. l e y J; !9 KT 
V^SJ: 5 (Optics Letters Vol. 

2 0, pp. 1 4-8,3 - 1 4 8 5- ( 1 9 9 7) . ) . U 

^^■ftA n03H#t±. Al/Xo ^ An/no rt'iC'So ■ 
[00 34] ±i6 Lfc i 5 ''£iiJ2>C«J'i*S:|§^*-f-5 I- 

miiSSSl 44oJ;Of^2pSSl 5;6S#^-t-?)ti 

[ ojo 3 5 1 r ©i.p \^^wmmm^:^t 

^h<Dttii<0. mi USS 1 4 ioXXfm 2ISSSil 5 iSr 



(7) 

12 

. SSI 5 n 1 tti:^, ClCDipt-. 

^2iailSl.5 0^#e^K/¥Sr$fJW-r5ri»i<ti9. * 

[0 0 3 6] Z.<DXo^£^i:nHmLX. l—f^(Dtii 

ktmi$i(omt^mmmiz.M.}^x..^(Dmmu<omp}mmm 

[0 0 3 7] e^±^^:*5V^T, ^1I8SE^14S:^ 

^1 mMm*^h^nm(Dmyt\ki^vx\^^^m^\a-±. 

30 ^s, r<0^'a-fcBl8iSEe<^*)5eB5)-C(±Slt*ro<6;T 

ma^^zktfi^ism) <ommmx. mi^mmmx^B^i. 

$ti,S. . ^ 1 lis® fi«;*:1^l*-'K-e i^-f-'^S 
. mc^-r^tctbizit. u-^.(7:}mki:^m>h^x. S 

' <i^f£< ti,-m^mm^ivtz.i7 7i)i.x\^\ ^2 
.- 1 <Dm%(Ddm\^^i>m£^m.^^?t%y-i^- ( v c 

. . SEL) C!)»fffii|-C*)5. .:i©V-CSE,L»±, -SttSt 
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^ 1 1 <n>l.%7.-<-^m\zMm .tfc±$|5Slt^ 1 2 t . 

1 at, imii^m 1 2 jc*j»t5 1^--^ 3tomsttf 'C>w • 

nmm^W, 1 1 4 t ^ 2 1 5 t ?Sr|S!lt-C#l 

[0 0 3 9] SttSfil^l 1(±. T^'K-T'A 10.5 G 
a 0.5 A s*»^)&5TtI5:^'<-f— St . T:^K-7'» 
^•^Ffi&tte (^ff9 Onm©Al q. nG a o. 89A s i 
^?i^FS3gt)K»5 6 nm<DA 1 o. 3 G a 0. 7 A s Pt lo 

0. 5 G a 0. 5 A s ±M^^-^-^ t -e«^$*v. r © 

8 0 n m) !fc>i5o 

10 0 4 01 JcUWMm 1 2 A 1 0. 9 G a 0. 1 As 
i: A 1 0. 3 G a o. 7 A s' t ■k^i\.^^<n>%m^imi^ ^ 
-- i^'^MrS*' (Mxff, 7 8 0 nm) lC>rtUt: 1 / 
*i:>j;'5 J: 5ic35S{- 2 0 jl^^S UTfll^bfcD B R 

[004 li Hipfigl 5t±. JiSPSltei 2CD^ z** 

7 8 0nm) KMVXl. 5 5/^4~ 1 . 6 2/4 
&Sb<ttl. 6/4fg©A l-().3 Gao.7 A s 

[00421 ^IWS^I 4tt, ^2PSS1 5±iC*5 

n mio^te: X V «^ $ tbX V ^ 5 o r :^ ' ^ 1 i 
4 coKJ^Sr 2 0 O n m k .l^tcM;: i :0. OJn me*jy.±co 

[00431 TfflSRMS 1 3 fiJ A 1 0. 9 G a 0. 1 As 

tAlo.3Gao.7As^: Sr^ttm<^3it^WKJ¥*5 1/ 
— If^SiS* 7 8 0nm) (cML-Cl/'4& 

Si:'fc5«t5»cjSSSt;i4 0., 5^«aeLT«fifeL:feD 

BR (0m^y'^y^mism) t^hti^o ^ai. tuk^ 

Ml 3fi, I21^L'ieVv<s'7T®iSr:J>bTl2I^L-'^CV->£ 

[0 0 4 41 r«D^©S"J?feW'^i*«SStt. -t^Sl*Sl 
2t. mpSSl4t. r.n6.(^FB^»-*^^*vfc:|g2l^ 

m 1 4 i:©F^-e#aK*fJ-J; t) i^'^^tt^a^^-fk^ 

[0 0 4 51 E14tt. ^2pSS l 5CD)fe^6<)^J?:i: u 
— 1?-*^SJSft7 8 0 nmtcijottStgpRlt^irro^^^Sr 
^-t-^77T*>5. ia4 4"<D|li^fiI ^2fBSSl 5© 

^2pss 1 5 ;i5#ffi-r5 u-if)t©tm*f'C-^©Mi3agi5 

tcJoltS f ^SiS* 7 8 0 nmJ-*5»t 



Jci. ^ 2 US® 1 5 <D%^^mW-i)^%^ 1 . 6 X 1 / 4 
*©^(c:, SJiStt^tti^O.- 3 8 5 kML'l-^hfi^o 
[00461 HI 4 tfWSfei^fi. H 1 PS® 1 4 Sr 

^tt jiv>is*^i±, mat iRHti-'K^ L-ft V c s e l (cis 

^ 2pfi® 1 5 ;6S#«-t-5 U—!^'3t©tflM'f 'ij>©ja 
a|f|5|::*J»t5W'— i?-'l8S&S7 8 O nmtC*3tt5S*Ig: 
It^W^-fb^r^i- t.©-C'fc5o m 4 J: 
5 tC, :^ 2flS® 1 5 (D^^^MH^m 1 . 6X1/4 
fe*©^ict,, tBi|®Klt^f**bO. 9 9 2 iiJiSl/^^tliS: 

[0 04 71 121 5 ^ 2|lfiS 1 5 (D%^^mW-*^%^ 
1. 6 X i/4ifeft©^lc:*3»t'53i«Slt;^^i5' K/w?: 
^i-^^T^-efcS. 13 5 (a) tts'SlfSSei 4Sr^ 
Jtfcl&'g-cDSSSR^t;^-:^^ Vvt?fc9. 1215 (b) (±, 
4?rK(t'^C/4^-ofc»-a-co3iaS*f:^'<i5' H 
/V'-efcSo 1215 (a) fc^-rj;5«-, ^1PS^14*5 

j:t;5M2fssg 1 5 iy-'^tit<o\^m^-t-<om 

»&,T^^\^i. ?) 7 8 Onmi^T5.KBLmm 

©?S*>5iJ?^*5^tt5, — 121 5' (b) J; p lc:.> 
% 1 ^SS 1 4 Sr^tt^fed^ofc^-^tcH, H 2 TOSS 1 

SttMl 2 0S:*t;^^^ h-'WCfi, W— !^*^®^6*7 8 
0 n"m{'J-3fitcK*tm©#*>ii^f4*:1f-f , tt^t UTS 

[ O 0 4 8 1. r © /^^tt^.flJffl:1-i^.f^s• m2.PSS.. 
30 15 «r±gBRltS 1 2 ©^ffi (tbltt'Ofc J:05.;tO^a 

ig 1 ^se 1 4 srffi^-r i: 5 r t d5 niie t ti 

t) , II 2m^M 1" 5 Sr±g|5SttS 1 2 ©Jlia^fB©^}-?!^ 

[0 04 91 * fc, ^2 uss 1 5 <D%^mmw-^um 

©36«jl^S (flaj:ifi, 7 8 0 nm) J; ?) t)M»ft{WJC->' 

[0 0 5 0 1 $ feJcfi. JSt(f*^)feK©S*1t^- K*5 
.Di-?-©JSfflglJ<OStt*^t>*ltUT. |P^2PSJil 5 
■!J-*l6S!|#14®&»<catfr^»SiK«)ti£rJl^^t-5 ^hH^ 
so [005 11 [||2©II1&©JI^IS] 1216 (a) fc'itjs 
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E*s^^E^^>^-i^ (vcsEL) (D^mm-Qh 

5. 1216 (a) lll3^w^L.fcVCSEL^Ct3^^-C> 

±.nm.l^M 1 2 Lfc^ 2 IHSS 1 5 © 5 *> i^-- b-' 

tma, ig6:(b) fi, |113(c^Lfc 

vcsELtdJsu^-Cx Il2pftgi sidjsjtsv— i^'it 

7 8 0 nm) {c*f-r?>Slf^Srffl*5:fcJ6©SI^'Kf 

lt#144ijEJi 1 6 tt, -^JxLfi. "S^^bSlR^C if ; 

)fcif*»?j«IJ5fe-r5:it^5-e^;5„ 06 (a) *5j;t^ 

t><^)-e*)5o ... 
[0 0 5 2] la 7 ±.UKMM 1 2 
f/VSrS^-Ti^y ^T'fcSo mT¥<^^t^\-t. 1216 (a) 

1 5 ?£r»;Jt^<C*>ofc^W±g|5RWS 1 2 ©§S^ 

m 7 ■t'©l6ISl±. BI6 (b) 20 

1 6 i:Wi\^^£*^otz.Wf^<D±MBLMm 1 2.<D§SSS#t;^ 
H/wSr^i". 0 5 (b) i: |^1t<0;^'<^ VA-m-^th 
5« *fc. |II7(D^7 7©rtg|5tCfiv 
ft^s.7 8 0 nm#i£(c:*}»t553i«S*|-;^-<^' h/VSrtS;*: 

10 0 5 3] EI 7 d^e)^)-*** J; 5 tJ:^ v^— !J*3t®^t6j8c 
ft7 8 0 nm#5£tC*3»tS-hSBSlt^ 1 2©?Sa,Klt* 

liS^ 1 5Srasufe*a-J;t).t>«<'^e5. so 
fi, m2f9jiS 1 5dS±g|5MltS 1 2 (ORlt!|#144:<g:T 

[0 0 5 4] Lfc;iSo■C^ 06 (a) (C;T%-r J: p t-. 

KWSl 2 0.Rtt*SrJ:t)iS<-f-5ri;55-et5, * 
fc. 0 6 (b) lc^i-J;5tc. ^2I^SS1 5tc*3Jt5 

6 ^aS-r?) :i t tc J; I? , u— !f)t<om*tt''ij't-*5lt5 

1 2roS*t*^i'3iS<"t-5wtd5X'#2,, 40 
[0 0 5 5] *fc. m2pS^l 5 ©^^6^MJ¥SrftlJ» 

CO^SJSft mTLii^ 7 8 0nm) ii K) h'MM.^m\^'y 
[0 0 5 6] $ t)lwfi, S^^#,jS?S©£*«l^- K*5i. 



26 

[00 5 7] cm 3 OUtScDff^^] 0 8tt. 

3 ©siiE(7>ji^fli(c:'^ssie*^igi!}sig)t w— r (V c 

SEL) ro»fffi0t?*>S. r<D«»Jtt, 03JC^LfcVC 

S EL^c4oV^T., 5 5ri$-©ffi^t-1i:T ic 

-ci^ffi-r5J;5tcbfc{s*^fi. mmo^m^X'h^o mi 

fISei 4tt. IBIJ?2 O O nnKO-^tCi iJ^JSfeb, 

SrVCS ELlcfl;iiKSrJiA-t-2)fcfe<0-:^(Dmi|Si bT 
^ffi-rSo. ^ 2PS® 1 5 tt, t b-c^ffl,-r5^ 1 

nisg 1 4 t^i^m.t(Dm%^ti:m^^Mi0\cir?>tc 

ii!>0)KJ¥2 0 nm<DGa A s aV^'^' h^.l 5Ai:, 3t 

w-f-'^tgiSft (7 8 0nm) }cMbT^ 
0. 4 4 X l/4feft(OA 1 0. 3 G ao.7 A sS 1 5 B 
t. u-if ^Sifeft (7 .8 Onm) ic^ttb. 

-Cl/4S*©Alo.9 Gao. 1 AsSl5Ct<03o 

[0 0.5 8] r<Dj;5l-> m2pS^1.54r. a^'^^ 
hJil 5At. Alo.3 GaO.7 Asjgl 5Bt. Al 
0.9 Gao.l AsS.l 5 C©^|^cpifi^A^fef<e5=lt^ t 

^fflgp-C**) 0 . 795. ttJlt4''i>T^ 0 . 9 9 3 i: 
[00591 ± 5 H 2 1 5 <r>m^\±. 

[OOeol^fc. ^2PS»1 5©^#6*)^ffSr$iJffl) 
©^Sfe* (0'!l;tfix 7 8 Onm) J; !3 -bSifeS^Iiltc v- 

>— r5t©liil^'^''il-^ct3v^x* 

[ 0 0.6 1 ] $ ffijT^*Si?S<DX*1t^- K*5 

'ij>i:^«Jljag|5(DSlt*Mt#ltbX, ^2pSMl 5 

[ 0 0 6.2 i«;r[^i4 <omM<Dmmh mmi^^ir:s>i>. 
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1^-^tDEJl^c^f Abfc^-g-Jcfi. ^(^gC:5>»ct5(t5 u- 

[0 0 6 3] cig 5 (Dmmmm) wmn'^m-t^iK 

fc»±M)^e'5S«±»-SagL-C, VCSELT WSr^lS^ 

[0 0 6 4] :$^mM(omm<Dmt^i:mmL.tciK 

^t^ fi, ^Si4tt«-'Sr« V ^^^^^ J; < . ^ 2 ^SS 1 5 

^m^-r^ o T t J; V N L . ffi^(D$ti|si-*^ hti^^mmiSL 

-efeo.T 't>.J;v\ . t.fc.,.Slt#'l4«iE» 1 6 5-«^rg-t-S - 
r h Hifj: < . fl!!<^fl««:^i|^^#«:-^^JR-e«^ UT t> J: 
[0 0 6 5] 

tc^i-iptc. mm^m%m^9 (mocvd) 

•9. nSGa A s»«9 lilC, V TjS«-S5 1 X 1 
0 18 c m-3-CJBIJl*S 0 . 2 /imSS[©n®Ga As/<s/ 
7rS9 2Sr««-r5o 
[0 0 6 7] Z<Oy<y7rM9 2±\Z, MOCVDfeIC 
J; 9 X A 1 0. 9 Gao. 1 AsirAlo. 3 Gao. 7 Ash 

1 0^^ c m-^Xmrnmi^^ 4 n m(DTUnmT>B 9 

[0 0 6 8] :i©TgBnaDBR®9 3±Jc:, MOCV 
Di£»cJ:t), TixK-T'TSSA l o.s Gao. 5 A s 
-• i . T ^ K-:^»^#FettS (I^J? 9 0 n m 
tOA lo.llGao.89As»^#F^3^i:. )B!i55 0n 



(10) 

18 

mWA 1 o;3 Gao.7 A s WSB 4 S t •Cffi^^t^TV'' 
5) t\ TVK— T'igSA I0.5 G a 0. 5 A s ;^'<-f- 
■ flH4Ji^lS9 4Sr^tt5o 

(0 0 6 9] rc^S-I^AlS^g 4±l::. MOCVD?*lc: 
i.<0. Alo.gGao.l Asi:Alo.3Gao.7Ast 

5 J-5SS:»- 2 0 JS»SfS LT. ^ ^ y Tig*;is 1x10 
18 c m-3T?i^lg|l¥;JSj^ 2 u mO±SB pUD B R® 9 5 

10 0 7 0] r©±|fPpS!DBR^9 5±JC,. MOCV 

DfeJcit)- ^^yT««;i5l X 1 oi8cm-3-e3t#«) 

MJp;65|^«rt&ft<^ 1 . '5 5/4-1. 6 2/4{g. $f 
*L<J±1. 6/'4<g©pMA lb.3 Gao.7 As||2 

9 6 sras-t-s. 

[0 0 7 1] ir-c, llI^L5fcv'>;5^ ^^VT^^ifii 

X 1 0 19 c m-3X'%^^m^A^ 1 On m@SO p SG a 

A s ^^i^^ ^ \'m^9c±u\zmm\^xhx\<\ fi^ 

U< HJB^^iV-'dS, DBRgg 3t5j:Of9 50D«»6<JS 
20 feiSrTff 5fc*f^> AI0.9 Gao. 1 AsiAlo. 3 G 
a 0. 7 A s t c^|?-Bi-. A 1 A s ffl^^r 9 0 3 0 

[0 0 7 2] :i:i-e, moc vD^ic j;5^Sl^{cib•v^-c 
a, mn:if^tL.X{-i^ hV :>(^Ji-:ffV'>J^. h]}y^^ 

)ffi^«NFrc'»tgt&»4 7 5 o"Ct 

30 [0 0 7 3]J^V^T. 119 (b) (C;T%-r J: 5 IC, 7;^- h 

^ff^figb. mmtmm^=^-y^'^y:if^i:\^xm'tcR 

Jt>tt-f :^:/:tS''9^>'^t-J;9> T$IJnSDBR@9 3CO 
^tfj^-CaLy-^^V^U. 0~3 O^imSS^nft 

[0 0 7 4] Vv';:^ hRS:^*Lfc^. 1119 (c) 
■tX6\z, 7'7X-=^CVD^aS:fflV^-C> flS2mWS9 
6±»CS i Ng9 7«rji«FUfc^s ®1^®7d-hyy;/ 

s/^i^:/(cJ;!P, jK;^ hsroiast-^S-f-S S i NS9 
7Sr«llS8^5. 

[0 0 7 5]^(D^, 1119 (d) JC:^-t-J:5»-. 

yy^77^-xs^ffll^-c, 7K>^hsc«±lfB4^*^jc 

SrfflV^T. p{l!lS@Sr|ftfflf5^iPSSSr«^i-5r 
i: ti^eST i i AuSr-?:tt.-?turO nm. 2 00nmro 

[ 0 0 7 6 ] sR^lc, T-fe h:^4rffl^''T; W-f^;^ h-'-'t? 
so -:^TSr^(D±a5|c|git$ti'fcT i*5j:05Auti:t>»- 
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511 1 9 8 2 m'^m 9 6 \Zid\1t 5 \^—^%<D . 

[0 0.7 71 r<Dy C S E L^'*3^^■Cs P«iJ«@Sr^ffl . 

It3~2 0 ;ini@*;55$f^ /itJ. Ste9 1©SB: 

V^5o . . . •• 

[0 0 7 81 £A±©J;5t-UT'f^fiiUfcVCSEL(D*i 

tc:*5»t?)*gSRM^J4*^9 9. 5%,i:S<. p 
«®ffiSr*ffli-5^ 1 PISS 9 8 ©ii:Tf-*5it5#Jg|g =. 

04 {r^bfc*g*i infinite <'i?). iS?>c«l> 

[0 0 7 91 {c:#.5vc s eL(dX3|c^* 

017 fC;^^ Ufct«e*0 V C S E L <om^^=^— K© . 

5.. 01 oic.T^-r^*;i5^#bttfco -r:^ctJ*>. stis-- 

©^AmsStSriiAP ^-lirfc^^lc,. ^Jfetril 1 V C.S n . 

ELiSitF^esfEOVCSELi: iS^JcSI^— K© 30 

l©VCSEL}Clt-<T. '=ee5fe©VeSELt? 
li, S*^^- K© u-1^IISSrM*6i-,5m«t© L# 

[00801 ;i05|llfi«»l 1 T-»±. 2 lifiS 9 6 tt, A 
I0.3 Gao.7 A s SrfflV^XltfiKLfc;i5^ l|l.PS«9 

[008 11 ffcs :i»|^JS0iJl-C(4. TaSnitfDBR 
±lEBAlo.6 Gao.5 A s ;?i-<— f— SfeS VMit 

Xt>J;vvL, *fc\.a«-9a©E±4-e3is/'5^>'^b-C- 

[0 0 8 21 ^©HJig^ijivt'fi. ei4M.©«-i^t 
LT A 1 G a A s .SrfflV\fci^ '.Q a A s 4fcl±. I n.G a. so 



A s ^fflV^Tia*^fflcDV C S E L ^.^^i" 5 ^ t liT' 
#5U. I nGa P^fcttA 1 G.a I n PSrffiV'' 

T*feffl<DVCSELSr«J*i-.2>,ri:'b.-C#5. $6>fw 
{4. G a NJRVz n S e ^^SrfflV;T*#.j£fctt^^1-^ 
fflWVCSEL^. I.nGa.AsP^^^ffiVTl. 3 
~1. 5 Mm^JlcDVC SEL t.«J^-r5,wi;65-e# 
5o ... ... ; '• 

[OOSSr^fc. DBRg9 3*3J;U«9 SCO^ti^ir L 
Tf4. ¥^{*:W#lcPS^$H'5 :i < (Om* 

t?#5o DBR€9 3*5.J;t;59 5<DWi^t.Ur*feigtl^Sr 

[0 0.8 41 .[^t£0!l 2V w©IIJfe««j2f4. 0 6 (a) 
tJ:^Lfc||2®|ll6©?g^»c*HS-t-5.<>,<D-Cfc5. 01 
1 iC^f i 5{c:, MOC.VD&lwJ;9, nSGaAsS 
m s 1-h}-. =3f.^y 7'jg||/55 i x .i 0 18 c m-3T-pff 
0. 2 umnS.<DnmG&Asy<•y7rm9 2/S:mM■t 
[0 08 51 :i©/<s'7.7S9 2±\C, MOCVDSfc: 
J; !3 . A 1 0. 9 G a 0.. 1 A s i: A 1 0. 3 G a 0. 7 Ask 

. 0 tcsEst 4 0. 6 mwam.'Lx. ^^v rmmt)^ i x 

1 0l8c.m"3t?;^ffiil¥*:iKl4 Aim<DT.S5nMDBRS9 
S^Wif^o ., . ■ . , . . . 

[0 0 8 61 C:WTSPnS!DBRg9 3_hfc:. MOCV 
DlfetCit), TVK-7'TlfBA I0.5 Gao.5 A s 

t . T V ^:-7'»^^#F^§^4e (Mff 9 o n m 

©All 0. llG.a o.;89A s l^^^-S S.fti: v JKff 5 O n. 
m©Alo.3 Gao.l A sW&fS AfBt^md^iriX^/-' 
5) i: s ry h''--^±nA 1 0. 5 G a 0. 5 A sV-^— f" 

.SM^9 4S:^lj--5..-. 
[0.0 8.70 r©ett«tg^9.4±tC, MpCVDjSfeJC 
J; <0 V >-r y Tig«/J5 i^x 1 0l8cm-3T')t#^MJf:dS 
j«WrtjSft©lX4 i/i5pMA 1 AsS9 9 ^ISft 
■5. wOpS^A 1 A. s*9.9±t-., A 1 0.9 Gao.l A 
s t A 1 0. 3 G a 07A s t Sr-5r*V-etU©^#e<J)g^*SjSE 
«rtSi*<D 1 / 4 i J; oic^K\ci 9. ^ 5 Jl^W^ 
LT. ^-r y Tig* ;J5 1 X 1 0 18 c m-3Xi^jpiPdS*^ 2 
;i m©±|f6 p lir) B RS 9 5 SriSltj- 5. 
[00881 ;i©J:^SpS!DBRS9 5±lc:,.MOCV 
DifeJCJ;!?. ^^yritS^Sl X 1 0l8cm-3X'3t¥6tl 
m?^5jSEKrtjSft© 1 . 5 5/4-1. 6 2/4{g, » 
*L<f41. 6/<4f&»p^I no.5.G ap.5;P^2^ 
16^9=6 SrStJt So • -. . • ;:, .. ;. 
[sQ 0 8 9 IvZ. r.X; 0^ U/il/>>JS. ^y]) T^^i)^ 1 
X 1 0 19 c m-'i.X%^p^mmi)\ 1, 0 n m@*-<D p ^G a.. 
A s => ^^c? ^..V:m,^m±M\zUm UX t, J;t,>„ * fc.: 
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mcTM^f^^y^. Alo.9 Gao.i AsiAlo.3 G 
a 0.1 Ast<0#ElC. A I A sMjeS^Q 3 0 

%\Z.^Vkm^^VC^^1t.%^^mW-1i^ 9 n mms<^ii^ 

[0 0 9 0] moc VDfetciS^^tciav^T 

[0 0 9 1] ^Jfe^^J 1^ t UT, 3 0 

i^40 0'C<Djt^f-C7Klg^t-J;t)Al Asg9 9^ 
[0092] JSfetC. ^ISM 1 i: I^HJfC LT, S i NJg 

(itei^i^) 9 7 . p mmM^mm-ri)f^ i ws^ 9 s -sr 

haiS^^V'^tCj:!?, I no.sGao.S P^211S«9 

6 © 5 *>jj^;^ b s o±^^ ^gBicteS-rsgB^^-^iJ^ U 

a5^^:*^^^-C p {Mm®Sr*ffli-5^ 1 fS3gJg 9 8 *J .tU^lg 
2 WS^ 9 6 t>mm^iMt.mit(r>V C S E L ?r#5o 
[0.0.9 3] rc0llJ£M2lcm5yC.S.EL-f4. 

[0 0 9 4] *fc. r0^1£««|2-C»±. ^2PS«9 6 

[0 0 9 51 ^fc. Z(Omi&m2-(*{i. |g2|l|S«9 6 
(Onnt UT. ^*^^s/^>'i/*5^af--Ct?) I no. 5 
Gao.5 PMSrffil^fc:*^ Hlfi^y 1 l^-f-'^fc 

[009 6] ^fc, r coHIfetrj 2 ^c*5^^■c t., MMM i- 
tm^Jc. «ttS©«-iis|-tLTA l GaAs«riav>^c 

Ga As*fc»il nGa AsSrfflV^T3£3S^1■ffi©V 
CSELi£r1fj5S;-t-5Ctt>-C#5b. I nGa P 

*fcttA I Ga I nPSrffl>/^T#fe«<OVCSELSr« 
^-rSClitjTJtS. $e>t-li> GaN^-^ZnSe^ 



(12) 

22 

^5rfflV^T*fe*fc(i^^Mffl(OVCSEL^; InG 
a A s P^^^ffll/^T 1 . 3~1. 
ELt>fllfiK-t-5ra:iSt?#5. 

[009 7] Cll:^W3] r<o|iiE0ii3ii, msir^u 

fc^ 3 (0|life(0?l^ffitc>itit^i-?> t>©-C'fc5o 012 \z.7r. 
i-J:5{-s Jia5DBRS9 5±lCtt, 3g;!i^^«^^tb 

2PS^96tt. ±gBDBR®9 SifC^Jtfc'^-^yT 
1 X I Ol8 cm-3-C^^e?3KJl;iS^KrtSc«© 1 
10 /4i'fe5paA lo.9 Gao.l As^9 6Ct. Z.<r> 
Ji9 6C±Jc:^»t;fe:dr-=r yrigJE^iSl x i ol8cm-3t? 
5t^«3lgll*sj«KrtStft©0. 44xi/'4^Si:/i5p 
SAl 0.3 G ao.7 A s^9 6 B rO®96B±t 
ISlltfc^^ y T^is^s 1 X 1 0 19 c m-3-C^t^6?)MJi:*5 
2 Onm©pS!Ga As =i>'^';5' hjg 9 6 Ai: ^''^'i 
5, 

[0 0 9 8] tfc. rro|^mM3T-(±. I^JS^SJl tDJ: 5 
/i^K;^ h S Srfl^^-tir-ric:. ±$PD B 9 5 ©{aiiastCT* 
h jiA/T'iS5«^®*S 10 0 ?rJI^^ r Hlil 

[0 0 9 9] ^^c, ^2^SS9 6_h(DjlSa5JC{±, H 
SSMl tm^tcLT. -T i i:Au tSrSI«LTpW«i® 
Sr3lfEffli-5lliplie9 8^Sr^^tT^^5, rro^i^H 

[0 10 0] U — ^%<DVm^'^n'^'L-h. -fu Vl^^ 

30 [0 1 0 1] ^y.±®J;5^c:L-cf^MLfcvcsEL<DtJ 
SI&Slt*f4iii*)9 9. 5%i:«<. ^fc. pffiOm^^iS 

ffl-rs^ 1 i^SS 9 8 roB:TJc*3»t 6*SI§sit^f«^ 
7 0 % i <S < t) , !f ^S^ig^Ji 

[0 10 2] /<e*5, HMM 2 tingle. U'-f'^trottslt 

im 1 i isnifjc, ^g^4s©«■^s^^: lta i g a a s sr^ 

Ga As^fcfil nGa AsS:ffil^TJ£#^1•ffl 
■(DVCSELSr«^-t-5>C:ttT-#5b. InG 
a P4fcf±A 1 G a I n P $rffll/'>T5SfefflO V C S E L 
Sr^f/^i-Siirt-etSo $e>»Cfi, Ga N^J^ZnS 
e^^Srm^TWfe^fcfi^^l-ilgfflWVCSEL^. I 
nGa As P^^Srffll/^Tl. 3~1. 5/im?BfffiOV 
C S E L hmm-i> ^ h 5. 
60 [0103] [|llfeM4] gli 3»c:*i-j:5tc, nSG 



v.- 
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aAsS«9 1±lC. MOCVDfefCit), ^-rVT^ 
X 1 0l8cm-3-T?^J¥;6S0. 2MmSg©nMG 
a A s 7 r ^ 9 2 Sra^-t*5, . 

(0 104] Z<Dy<yyrIS9 2±iZ, MOCVUmK ., 
X<0. Alo.9 Gao. 1 AstAlo. 3 Gao. yAst 

0 K^mz. AO: -5 mnmmx^x. =s^^ y T««;ds i x . 

1 0 18 c m-3-Ci|^lKj?dSi^ 4 m mOTgU nMD B 9 

lO 1 0 5] :iWTgBn®DBRS9 3±l::s MOCV lo 
DifetcJ:*), TvK-::^Tia5A io.5 Gao. s As;^-? 
— i: . T K- (J|gJ¥ 9 0 n m, . 
W A 1 0. n G a 0. 89A s fl:^#F« 3 S t ^ ^W- 5 0 n 
mCOAlo.3 Gao.7 A s 4g t T?1i^§tbTl^ 

2>) t V Ti^ K.-r±85A 1 0. 5 G a o. 5. A s 

«l*^9 4Sr^(t5o 
10 10 6] :i<^filttS^*^9 4±t, MOCVDfetC 

J; •? , A 1 0. 9 G a 0. 1 A s^i: A 1 0. 3 G a o: ,7 A s t . 
Sr•^:^^JeJ^«)t^^^J¥;6S^Krtifeft<Dl/4 i:/i2.J; ?o 
5 2 0J1»W€ UT. =35-^ y r^^i^ 1 x i 0 

18 c m-3-:Ci^]^J¥;d5^ 2 /i mCO±|fS p Stf D B RS 9 5 4r 

[0 10-7] rcDigBpSDBRgg S+roJlfflgPcD— 
g|5{C(i, TVK-7'T'^#^)^/?:*5i«KrtJfeft(^l/4 
i:/i-5A lo.3 Gao.7 A s H 2PS« 9 6 A^tU . 
•CV'i. rOAlo.3 Gao.7 A s || 2^3iS 9 6 fl, 
-?:(OT<0±g|5piapBRS9.5©— $B-efe5A 1 0.9 G . . 
a 0.1 AstAlo.3 Gao.7 A s H^^mf, ^MM^m 7 

10 10 8] ro|llS«a|4Tf*> r©5;^»WS$i^fc 

A 1 0. 9 Gao. 1 AsirAlo. 3 Gao. 7 A sMi^s % • 
2 ISSS 9 6 t ffi'ttSti^ 9 4 ©T X K-T'iglSA 1 
0. 5 G a 0. 5 As f— S h OWt-'fitS $.^5 Z.k 

r<D5Jil^«S$nfcA 1 0.9 Gao. 1 A s t A 1 
0.3 Gao.7 A&m (miraSg98) t^oaii-'S: 
fi$ix5M2PSe9 6 tDBRM9 5 tfcit), 

[ 0 1 0 9 ] .;i4b\ H 2 9 6 SrfettS^*^ 9 4 « 
T>'K— ::^±SB A 10.5 Gao. 5 A s g©i£. 

[0 1 10] r^T?, lllS^L)feV^;6^ ■^^]>T^§t1fil[ 
X 1 0 19 c m-3T'^Jf;;ei5 1 0 nmS^WpSG, a A s 3« 

y^^ti\i^t)i. D B R%9 3 *5 J;t/9'5 (Om^6<)igttSrT. 

AlQ.g Giao.l A.stAlQ. 3 Gao.7 «> 
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A s t co^SlC. A 1 A s M^ieSr .9 0%t^h 3 0 

[0 111] ;i ©His^'J 4.1^*51, t, V ^iS««Ji tm^ 

JC, T§PnSDBRS9 3<Di^4'*"C^S'^>'^5^bv S 

i o~3 0 AtmmS<^Ra.t> b.< f4:ftSd^e>Jfc5^K;^ 

h S<DWiat^:^ hS<DJ&m^tt. S i 9 
^^$i^T^^5„ ^fc. l>Sco±lf6ibi. T i i:A 
uifi^tl^inl 0 nm. 3 0 0 nm<Off $T-^«$tbT 

s. s^g io«ffii-f±, i§i^b/<cv^*s. niBsmstb 

TAuGe;eiS^»,$tbTV^5, p{l!Jl;®l 0 lco#^£b 

□Mfi 3 ~ 2 0 M m <' f></''*S»* UVS . 
[0 112] :::©llllS«?iJ4:C»i. :pi?DBR^9 S^fC 
If A$tvfcA 1 0. 3 G a o;7 A s H 2^»g 9 6t. m 

tl/fc A 1 0. 9 G a 0. 1 A s i A 1 0. 3 G a 
tt*b9 9. 5%i:ia<. ^fc, ||2PSg9 6.©KT^- 
[0 1 13] r(7)|liafi»j4-Ctt. .^2^^9 6tt, A 
10.3 Gao.7 A s Sr^l^TlS^Ufc/i^ ^2^Sg9 
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